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ABSTRACT 


The  purpose  of  this  research  is  to  investigate  empirically  the 
determinants  of  children's  health  with  ©articular  reference  to  home 
and  local  environmental  variables  such  as  family  income,  parents* 
schooling,  preventive  medical  care,  and  health  manpower  availability. 
Wherever  possible,  children's  health  is  studied  in  the  context  of  the 
nature-nurture  controversy.    The  findinqs  indicate  that  family  charac- 
teristics (especially  mother's  schooling)  do  have  significant  impacts 
on  children's  health  and  that  preventive  care  is  an  important  vehicle 
for  this  impact  in  the  case  of  dental  health  but  not  in  the  case  of 
physical  health.    Similarly,  the  qreater  availability  of  dentists  has 
a  positive  impact  on  dental  health,  but  greater  availability  of  pedia- 
tricians does  not  alter  the  physical  health  measures. 
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Chapter  1 


INTRODUCTION 


The  purpose  of  this  research  is  to  investigate  empirically  the 
determinants  of  children's  health  with  particular  reference  to  home 
and  local  environmental  variables.    Home  environmental  factors  include 
basic  family  background  variables  such  as  family  income,  parents' 
schooling,  family  size,  and  mother's  labor  force  status.    They  also 
include  mechanisms  via  which  background  variables  operate  such  as 
preventive  medical  care  and  nutrition.    Local  environmental  factors 
include  health  manpower  availability,  public  provision  of  fluoridated 
water,  climate,  and  air  pollution. 

Wherever  possible,  we  study  children's  health  in  the  context  of 
the  nature-nurture  controversy.    Despite  the  existence  of  a  massive 
(but  inconclusive)  literature  on  the  relative  importance  of  heredity 
(nature)  and  the  home  and  school  environment  (nurture)  in  the  deter- 
mination of  coqnitive  development,  the  corresponding  issue  has  not 
been  directly  addressed  by  researchers  in  child  and  adolescent  health. 
This  is  partly  because  much  of  the  health  research  is  limited  either 
to  poverty  or  to  minority  populations  and  partly  because  researchers 
who  use  representative  samples  do  not  adopt  the  multivariate  context 
necessary  for  distinguishing  between  genetic  and  environmental  influ- 
ences.   Our  research  uses  multivariate  statistical  techniques  to  pro- 
vide some  evidence  of  the  degree  to  which  nurture— that  is,  the  family 
and  local  environment,  acts  in  determining  the  health  levels  of  repre- 
sentative samples  of  children  and  adolescents. 
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In  Chapter  2  of  this  report,  we  examine  the  relationship  between 
a  number  of  family  characteristics  and  the  health  of  white  children 
aged  6  through  11  years  in  the  period  1963  through  1965.    The  data  set 
employed  is  Cycle  II  of  the  U.S.  Health  Examination  Survey  (HES  II). 
Our  aim  in  Chapter  2  is  to  paint  a  complete  picture  of  the  health  of 
this  childhood  cohort.    Therefore,  a  variety  of  health  measures  from 
physical  examinations  by  pediatricians  and  dentists  and  from  inter- 
views with  parents  and  school  officials  are  analyzed.    In  Chapter  3, 
we  explore  race  and  income  differences  in  the  health  of  children  in 
the  Cycle  II  data  set.    We  compare  such  differences  in  mid-childhood 
to  race  and  income  differences  in  infant  mortality  and  birth  weight. 

In  Chapter  4  we  investigate  the  health  of  white  adolescents 
aged  12  through  17  years  in  the  1966-70  period.    The  data  set  em- 
ployed is  Cycle  III  of  the  Health  Examination  Survey.    Our  research 
in  this  chapter  focuses  on  the  nature-nurture  controversy  by  ex- 
amining in  detail  the  impacts  of  four  important  components  of  the 
home  and  local  environment:    family  background,  preventive  medical 
care,  health  manpower  specific  to  the  youth's  county  of  residence 
(the  number  of  pediatricians  per  capita  and  the  number  of  dentists 
per  capita) ,  and  information  on  the  presence  of  controlled  or  natural 
fluorides  in  the  water  supply  system  that  services  the  youth's  commu- 
nity.   Four  specific  health  indicators  are  studied  in  Chapter  4t  oral 
health,  obesity,  anemia,  and  corrected  distance  vision.    These  indi- 
cators are  chosen  because  they  represent  health  problems  that  are 
capable  of  being  affected  by  family  decisions  concerning  diet  and 
other  forms  of  at-home  health  care,  as  well  as  by  pediatric  and  dental 
care. 


Two  types  of  relationships  are  estimated  in  Chapter  4t    a  health 
production  function  and  a  derived  demand  function  for  preventive  care. 
The  resulting  estimates  permit  us  to  answer  the  following  questions. 
What  is  the  size  of  the  home  environmental  effect  on  adolescent  oral 
and  physical  (obesity,  anemia,  corrected  distance  vision)  health  out- 
comes?   How  important  is  the  home  environment  as  a  determinant  of  the 
demand  for  preventive  dental  and  pediatric  care?    How  large  are  the  ef- 
fects of  dentists,  preventive  dental  care,  and  fluoridation  on  oral 
health  outcomes:    How  large  are  the  effects  of  pediatricians  and  pre- 
ventive pediatric  care  on  physical  health  outcomes?    In  addressing  the 
last  rwo  questions,  we  recognize  explicitly  the  common-sense  proposi- 
tion that  an  increase  in  a  community's  physician  or  dental  manpower 
will  not  increase  health  outcomes  unless  it  encourages  more  utiliza- 
tion of  medical  care  services.    Note  that  we  could  not  study  relation- 
ships among  preventive  medical  care,  health  manpower,  and  health  out- 
comes in  Cycle  II  of  the  HES  because  there  are  no  measures  of  preven- 
tive care  in  Cycle  II. 

In  Chapter  5  of  this  report,  we  shift  from  cross-sectional  to 
panel  data  to  shed  further  light  on  the  pure  environmental  contribu- 
tion of  family  background  in  general  and  parents  1  schooling  and  family 
income  in  particular  to  the  health  of  adolescents.    We  also  examine 
whether  health  causes  cognitive  development,  cognitive  development 
causes  health,  or  both  cause  each  other.    The  sample  consists  of  the 
adolescents  in  Cycle  III  of  the  HES  who  were  also  examined  in  Cycle  II 
when  they  were  children.    This  panel  data  set  contains  measures  of 


health  and  cognitive  development  in  adolescence,  corresponding  Measures 
in  childhood,  and  family  background  variables. 

To  study  the  dynamics  of  health  and  cognitive  development  and  to 
deal  with  the  problem  of  simultaneity,  we  investigate  the  causal  prior- 
ness  of  these  measures  in  Chapter  5.    Specifically,  we  assume  that  the 
processes  that  generate  them  are  Markov  and  can  be  estimated  by  a  simple 
first-order  ARMA  model.    We  show  that,  if  the  genetic  impact  on  these 
variables  is  restricted  to  the  determination  of  initial  conditions,  then 
the  estimates  of  the  time  paths  will  be  free  of  genetics-bias  and  will 
reflect  the  true  environmental  effects  of  family  background  variables. 
Empirically,  we  estimate  two  multivariate  equations:    one  relating 
adolescent  health  to  childhood  health,  childhood  cognitive  development, 
and  family  background?  and  a  second  relating  adolescent  cognitive  de- 
velopment to  childhood  cognitive  development,  childhood  health,  and 
family  background.    In  the  health  equation,  the  coefficient  of  family 
background  gives  an  estimate  of  the  environmental  effect  that  controls 
for  the  initial  or  inherited  level  of  health.    The  coefficient  of  child- 
hood cognitive  development  indicates  whether  the  latter  variable  causes 
adolescent  health.    The  adolescent  cognitive  development  equation  can 
be  interpreted  in  a  similar  manner.    In  particular,  the  coefficient  of 
childhood  health  measures  the  significance  and  size  of  the  causal  re- 
lationship from  health  to  cognitive  development. 

In  Chapters  6  and  7,  we  investigate  relationships  among  children's 
growth,  diet,  and  family  background.    The  growth  measures  are  height, 
weight,  and  head  circumference.    The  diet  measures  are  intakes  of 
calories  and  proteins.    The  research  in  Chapter  6  is  based  on  infants 


and  young  children  between  the  ages  of  zero  and  36  nonths  in  the  1968-70 
period  who  were  members  of  the  Ten  State  Nutrition  Survey  (TSNS).  The 
research  in  Chapter  7  is  based  on  children  aged  1  through  5  in  the 
1971-75  period  who  were  members  of  Cycle  I  of  the  Health  and  Nutrition 
Examination  Survey  (HANES  1). 

Three  types  of  empirical  results  are  presented  in  Chapters  6  and 
7.    These  are  (1)  descriptive  statistics  of  variables  in  the  TSNS  and 
in  HANES  I  that  are  important  in  an  analysis  of  children's  diet  and 
growth;   (2)  ordinary  least  siuares  multiple  regressions  in  which  diet 
or  growth  are  dependent  variables  and  exogenous  child  and  family  char- 
acteristics are  independent  variables;  and  (3)  two-stage  least  squares 
estimates  of  a  structural  model  in  which  diet  and  growth  are  determined 
simultaneously. 


Chapter  2 
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CHILDREN'S  HEALTH  AND  THE  FAMILY 
Z.  Introduction 

Children's  health  care  has  been  and  continues  to  be  provided  primarily 
within  the  family.    This  is  in  marked  contrast  to  the  provision  of  children's 
education  which  for  the  past  100  years  has  been  considered  a  legitimate  con- 
cern of  government  [see  Landes  and  Solmon  1972].    While  no  one  believes  that 
the  government  can  replace  the  family  in  providing  education  for  children, 
state  governments  do  determine  how  many  years  children  must  attend  school, 
how  many  days  per  year  they  roust  attend,  and,  to  a  large  extent,  the  content 
of  that  schooling.    Further,  recent  rulings  of  the  Supreme  Court  stipulate 
that  all  children  are  entitled  to  schooling  of  equal  quality.    Only  recently 
has  attention  turned  to  the  role  of  the  preschool  years,  and  consequently, 
the  family,  in  determining  the  intellectual  development  of  children.* 

In  the  case  of  children's  health,  it  has  been  widely  recognized  that 

it  is  the  family  rather  than  the  public  or  medical  care  sectors  that  plays 

the  fundamental  role.    For  example,  a  recent  Carnegie  Council  on  Children 

report  says  "Doctors  do  not  provide  the  bulk  of  health  care  for  children} 

families  do"  [Keniston  1977,  p.  179],      With  the  exception  of  immunization, 

which  clearly  has  important  externalities,  there  has  been  no  form  of  compul- 
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sory  health  care  for  children,    and  with  the  advent  of  relatively  simple 
and  effective  treatments  for  important  childhood  diseases  of  the  past 
(influenza,  pneumonia,  and  tuberculosis),  one  might  even  imagine  that  the 
doctor's  role  is  declining.     Indeed,  the  expanding  interest  of  pediatricians 
into  the  area  of  the  "new  morbidity" — "learning  difficulties  and  school 
problems,  behavioral  disturbances,  allergies,  speech  difficulties,  visual 


problems,  and  the  problems  of  adolescents  in  coping  and  adjusting"--is  a  re- 
sponse to  the  decline  in  importance  of  the  traditional  health  problems  of 
children.' 

While  the  overall  importance  of  the  family  in  providing  health  care  fox 
children  is  widely  acknowledged,  information  about  the  nature  of  the  asso- 
ciation between  various  family  characteristics  and  the  health  status  of 
children  is  relatively  scarce.      Much  of  the  literature  concentrates  on  two 
infant  health  measures — infant  mortality  and  birth  weight— and  documents  that 
infants  from  both  black  families  and  low  income  families  experience  a  higher 
incidence  of  mortality  and  low  birth  weight  [Keniston  1977,  p.  156],  When 
the  health  of  children  who  survive  the  first  year  of  life  is  the  subject  of 

study,  much  less  is  knownj  and  again,  existing  studies  focus  primarily  on 

4 

health  differences  associated  with  income  and  race.      For  example,  there  ie 
evidence  that  both  black  families  and  low  income  families  evaluate  their 
children's  health  as  poorer  than  do  white  or  high  income  families.  Simi- 
larly, children  from  black  or  low  income  families  are  reported  to  exhibit  a 
higher  incidence  of  "significant  abnormalities"  on  a  physical  exam.5  The 
extent  to  which  these  documented  differences  are  the  result  of  income  and/or 
race  alone,  as  opposed  to  correlated  factors  like  parental  education,  family 
sire,  mother's  work  status,  and  place  of  residence,  has  hardly  been  studied. 
In  order  to  formulate  sensible  and  effective  programs  to  improve  the  health 
of  children,  we  need  a  nuch  better  understanding  of  how  these  and  other 
family  characteristics  work  in  producing  healthy  children.    Our  study  is  a 
step  in  this  direction. 

More  specifically,  the  objective  of  this  study  is  to  examine  the  re- 
lationship between  a  number  of  family  characteristics  and  the  health  of 
children  aged  6  to  11  years  residing  in  those  families.    This  multivariate 
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analysis  is  carried  out  within  the  framework  of  an  economic  model  of  the  fam- 
ily.   Such  a  framework  explicitly  recognizes  not  only  the  family'*  function  J 
as  health  care  provider,  but  also  that  it  is  faced  with  resource  constraints 
and  that  some  of  its  objectives  for  its  children  may  conflict  with  maxi- 
mising their  health  level. 

The  data  set  used.  Cycle  II  of  the  Health  Examination  Survey,  is  an  ex- 
ceptional source  of  information  about  a  national  sample  of  7,119  noninstitu- 
tionalized  children  aged  6  to  11  year,  in  the  1963-65  period.6    The  data 
comprise  complete  medical  and  developmental  histories  of  each  child  provided 
by  the  parent,  information  on  family  socioeconomic  characteristics,  birth 
certificate  information,  and  a  school  report  with  data  on  school  performance 
and  classroom  behavior  provided  by  teachers  or  other  school  officials.  Most 
important,  there  are  objective  measures  of  health  from  detailed  physical 
examinations.    The  physical  examinations  (as  well  as  associated  psychological 
and  achievement  tests)  were  administered  by  the  Public  Health  Service.  There 
is  little  direct  information  about  the  medical  care  received  by  these  chil- 
dren, but  some  attempt  will  be  made  to  control  for  variations  in  the  avail- 
ability of  local  medical  care. 

The  amount  of  health  information  for  the  children  in  the  Cycle  II  sample 
is  prodigious.    To  illustrate  the  exact  nature  of  this  information  and  to 
provide  a  description  of  the  overall  health  of  the  children  in  the  sample, 
selected  summary  data  are  presented  in  Table  I.    Panel  A  indicates  that 
almost  95  percent  of  parents  rate  their  child's  health  as  good  or  very  good. 
At  the  same  time,  however,  19  percent  of  these  parents  consider  their  child', 
present  health  to  be  a  problem.    The  Public  Health  Service  physicians  affirm 
the  latter  assessment  in  the  sense  that  they  find  that  11.2  percent  of  the 
children  had  at  least  one  "significant  abnormality-  (see  Panel  B)  .    An  J 


r 


C 


I 
g 

c 

c 


X 

u 

X 
+> 

C 

I 
0> 


u 

S  E 

CQ  0 
(-  <u 

C 

O 

i 
u 

o 


.c 

<e 

o> 
X 

« 

o 
u 

r-l 

c 

V) 


iH 


e 

•  ' 

»-  c 

•o  o 

^  U 

o  c 

I) 

0  a 
a 

+» 

c  t 

01  tr 
t>  O 

&£ 


c  -t 

01  X) 
«  O 

o>  w 
a 

« 

Cr 

01  4J 

-H  IB 
09  01 
X 


8 

a 


4J 

c 

0> 

t) 
»- 

0) 


c 


•a 

CN 

OO 

m 

CN 

• 

• 

rs 

o 

* 

a 


> 


o   o  o 

•        •  • 

c>    ^  ^ 


ff>      C  H 
•        •  • 

^    ^  in 


CO 

CD 

• 

• 

• 

r-t 

l-t 

r-i 

in 

in 

■ 

0) 
X 
0) 
IB 

■ 

m  fi 

c?    e?  o 


•u 


c 

o 

u 

e 

c 

1 

X 

u 


3 

to 

c 
o 

tr. 
& 

c 
•w 

•D 
C 
-H 

e 

s 

■H 
O 
•H 

51 

ft. 


0 

I 
O 

c 

Is 

c 

S  B 

O  01 


c  >» 
tr  4J 

a 

5  | 

a>  < 
n 

r° 


%4 

o 


c 

O 

a 

■5 

h 

a 


w  u  n 
*  o  « 

a  *  ■ 


O  C 


8 


u 
I  c 

O   -I  4J 

S  3  C 

9  o  -h 

•  ■  O 

Z  3 
E 


3  -O 


u 

I  « 

O  iH 

■H  S 

•D  U 

u  tr. 

5  5 


c 

&» 

•o  o 
■«-<  c~ 

£  C 

•o 

«M  C 

0  «H 

C  £ 

01  4J 

* 

V 

a 


CD 
CM 


• 

• 

• 

CN 

CM 

CN 

CN 

00 

• 

• 

• 

ft 

CM 

o 

n 

en 

CD 

• 

• 

• 

M 

r-t 

CM 

CM 

CN 

CN 

CN 

IN 

• 

• 

• 

—1 

CN 

O 

H 

■H 

—1 

■ 
x 

01 

i 

£  £ 


c 


TABLE  I  (concluded) 
Panel  C.    Medical  History  as  Reported  by  Parent 


Medical  History 
Item 


Accidents 

Broken  bones 
Knocked  unconscious 
Scars  from  burns 
Other  accidents 

Allergies  and  Related  Conditions 
Asthma 
Hay  fever 
Other  allergies 

Kidney  condition 

Heart  condition 

Sensory-Neurological  Conditions 
Convulsions  or  fits 
Eye  trouble 
Trouble  hearing 
Earaches 
Running  ears 
Problem  talking 
Trouble  walking 
Arm  or  leg  limitation 

Operations 

Hospitalized  more  than  1  day 

Exercise  Restricted 
Ever 
Now 

Taking  medicine  regularly 


*Source:     NCHS  (11) 

Panel  A  -  Table  1 

Panel  B  -  Tables  1  and  3 

Panel  C  -  Table  4 


Both  Sexes  Boys  Girls 


7.8  8.5  7.0 

3.4  4.0  2.8 

4.5  4.4  4.7 

4.2  4.7  3.7 

5.3  6.5  4.0 

4.6  5.5  3.6 
11.4  12.2  10.7 

3.9  2.6  5.1 

3.7  4.2  3.1 

3.3  3.5  3.1 

14.0  12.7  15.3 

4.3  4.8  3.7 

26.8  24.8  28.8 

11.9  12.2  11.6 

8.4  10.0  6.8 
2.3                  2.5  2.1 

1.3  1.3  1.2 

30.8  35.3  26.1 

26.8  30.0  23.6 

5.4  5.6  5.2 

1.5  1.4  1.6 

4.1  4.0  4.2 


(percent  of  children  with  history  of  indicated  condition) 


indication  of  the  types  of  problems  that  may  be  bothering  parents  is  given 
by  the  incidence  of  various  items  in  the  medical  history  (Panel  C) .  The 
total  picture,  then,  is  of  a  cohort  whose  overall  health  is  good  but  who 
are  nevertheless  disturbed  by  particular  health  problems. 

The  chapter  proceeds  as  follows.    Section  11  brieflv  describes  the  eco- 
nomic model  of  the  family  used  to  generate  the  relationships  to  be  esti- 
mated.    Section  III  discusses  the  nature  of  the  estimated  relationships 
and  defines  the  variable  measures.    The  estimates  are  presented  and  dis- 
cussed in  Section  IV.    The  final  sections  highlight  and  interpret  the  sta- 
tistical findings  of  the  study. 

II.    The  Economist's  View  of  Children  and  Children's  Health 
An  important  focal  point  of  recent  economic  models  of  fertility  [Becker 
and  Lewis  1973>  Killis  1973j  Ben  Porath  and  Welch  1976  is  that  children  ere 
not  homogeneous.     In  particular,  these  models  distinguish  between  two  aspects 
of  children  that  enter  the  parents'  consumption  (or  investment)  portfolio— 
the  number  of  children  and  the  "quality"  of  each  child.    By  quality  of  the 
child  is  meant  those  characteristics  of  the  child  which  generate  utility 
(or  disutility)  for  the  parents:    his  health,  sex,  wealth,  social  adjustment, 
intellectual  development,  sense  of  humor,  etc.    Therefore,  when  parents 
choose  their  optinal  family  conposition,  they  choose  not  only  how  many  chil- 
dren they  will  have,  but  also  what  portion  of  the  family's  resources  will  be 
devoted  to  each  child.7    This  choice  is  made  in  the  usual  way:  parents 
choose  the  number  and  quality  of  children,  as  well  as  of  other  consumption 
goods,  so  as  to  maximire  their  utility  subject  to  the  constraints  imposed 
by  their  wealth  (their  potential  earned  income  and  their  nonearned  income) 
and  the  various  prices  they  face.     In  the  case  of  children,  there  is  a 
further  constraint  in  the  form  of  children's  genetic  endowments    which  in 


part  determine  their  quality.    Genetic  endowment,  act  as  a  constraint  ba- 
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cause  they  are,  for  the  most  part,  outside  of  the  family's  control. 

The  prices  of  children  and  of  the  various  components  of  their  quality 
are  determined  by  recognizing  that  children  are  produced  within  the  home 
using  goods  bought  in  the  market  and  the  time  of  family  members.    The  cost 
of  producing  a  child  of  a  given  quality  depends  on  the  prices  of  the  pur- 
chased inputs -parents'  time,  medical  care,  food,  toys,  lodging,  etc. -and 
on  the  efficiency  with  which  these  inputs  are  used.    The  marginal  cost  of 
a  child,  then,  depends  on  the  quality  chosen  and  on  the  cost  of  one  unit  of 
that  amount  of  quality.     Similarly,  the  cost  of  an  increment  in  quality  de- 
pends on  how  many  children  will  receive  this  increment  (i.e.  family  size) 
and  on  the  cost  of  an  incremental  unit  of  quality.9    To  take  the  case  of 
the  aspect  of  child  quality  focused  on  in  this  paper,  children's  health, 
the  cost  (price)  of  increasing  the  average  health  level  of  all  children 
in  the  family  depends  on  the  number  of  children  in  the  family    and  on  the 
costs  of  medical  care,  nutrition,  the  parents'  or  other  caretakers'  time, 
and  any  other  purchased  inputs  used  to  improve  children's  health.     In  addi- 
tion, to  the  extent  that  there  are  systematic  differences  in  the  ability  of 
families  to  produce  children's  health  with  given  inputs,  these  differences 
in  efficiency  are  also  relevant.    For  example,  more  educated  parents  are 
more  likely  to  be  able  to  follow  doctors  instructions,  to  have  general  in- 
formation about  nutrition,  and  to  be  willing  and  able  to  acquire  medical 
information  from  published  materials.    Consequently,  one  would  expect  more 
educated  parents  to  be  more  efficient  at  producing  healthy  children. 

Given  these  considerations,  the  following  factors  are  expected  to  in- 
fluence children's  health  levels:     the  child's  exogenous  (genetic)  health 
endowment,  family  wealth,  parents'  wage  rates,  family  size,  parents' 


educational  attainment  and  other  measures  of  their  efficiency  in  household 
production,  costs  and  availability  of  medical  care  and  of  other  market 
health  inputs  (vitamins,  sanitation,  etc.),  the  prices  of  inputs  used  to 
produce  other  aspects  of  child  quality,  and  the  prices  of  other  forms  of 
parents*  consumption.    The  relationship  between  the  child's  ultimate 
health  and  these  factors  may  be  termed  a  demand  function  for  the  output 
health. ^    In  this  demand  function  a  positive  association  between  chil- 
dren's health  and  family  wealth  is  predicted  (assuming  that  child  health 
is  a  normal  good).    Similarly,  a  positive  association  is  expected  between 
both  parents'  education  and  children's  endowed  health  status  and  children's 
ultimate  health  status.        Negative  associations  would  be  anticipated  be- 
tween all  of  the  prices  of  health  inputs  and  children's  health,  and  between 
family  size  and  children's  health.    Parents'  wage  rates  may  have  negative 
or  positive  effects  on  children's  health  levels,  depending  on  whether  the 
household  production  of  children's  health  is  more  or  less  time  intensive 
than  the  production  of  other  aspects  of  child  quality  and/or  other  types  of 
parents'  consumption  cormodities.    Finally,  to  the  extent  that  there  is 
substitutability  between  the  various  aspects  of  child  quality,  the  prices 

of  inputs  into  the  non-health  aspects  of  child  quality  (say,  music  lessons) 
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might  be  positively  associated  with  children's  health. 

These  predictions  concerning  the  effects  of  various  family  character- 
istics and  market  prices  do  not  necessarily  apply  when  some  realistic  twists 
are  incorporated  into  the  model.  An  important  instance  is  the  introduction 
of  joint  production  between  various  aspects  of  child  quality  and/or  between 
child  quality  and  other  consumption  commodities.  Such  joint  production  can 
make  both  wealth  effects  and  input  price  effects  ambiguous.  To  take  a 
simple  example,  both  athletic  development  and  health  may  be  regarded  as 


aspects  of  children**  quality.     If  athletic  development  has  a  high  income 
elasticity  and  also  has  some  negative  health  effects,  a  negative  relation- 
ship between  income  or  wealth  and  certain  health  measures  may  Toe  observed. 
Indeed,  the  Incidence  of  broken  bones  is  greater  in  high  Income  families 
than  it  is  in  low  income  families  [NCHS  1973,  Table  14].  Alternatively, 
suppose  that  parents'  time  in  child  care  yields  direct  utility  rather  than 
generating  utility  only  through  its  effect  on  children's  quality.    In  this 
case,  parents  may  appear  to  choose  inefficient  modes  of  producing  child 
quality,  modes  that  use  "too  much"  time  relative  to  its  cost. 

The  basic  model  outlined  above  is  also  modified  when  one  takes  ac- 
count of  the  fact  that  the  human  capital  dimensions  of  child  quality  are 
by  necessity  embodied  in  the  child.    Because  of  this  embodiment,  for  some 
types  of  human  capital  there  are  natural  minimum  and  maximum  states  that 
cannot  be  reduced  or  exceeded.    In  the  case  of  children's  health,  in- 
creased expenditures  on  health  inputs  or  increased  production  efficiency 
cannot  continually  increase  the  child's  health.    For  this  reason,  one 
would  not  predict  constant  absolute  effects  of  the  various  determinants 
of  children's  health  but  rather  that  these  effects  attenuate  in  the  region 
of  minimum  and  maximum  health  levels. 

Recent  models  of  intergenerational  transfers  utilize  this  embodiment 
insight  in  a  sonevhat  different  way.     In  these  models  investments  in  chil- 
dren's hunan  capital  are  assuired  to  be  subject  to  decreasing  returns  in 
terms  of  the  future  earnings  of  the  child.    This  assumption,  along  with 
the  assumption  that  parents  measure  a  child's  quality  by  his  expected 
lifetime  wealth,  generates  additional  predictions  concerning  the  effects 
of  the  set  of  variables  discussed  earlier  on  various  components  of  chil- 
dren's quality. In  particular,  this  type  of  model  yields  a  distinction 


between  two  types  of  families:     those  for  whom  the  optimal  quantity-quality 
calculation  involves  making  a  financial  transfer  to  their  children  and  those 
for  whom  such  a  financial  transfer  is  not  optimal.    These  two  types  of 
families  differ  systematically  with  respect  to  the  effects  of  the  various 
explanatory  variables  on  the  human  capital  dimensions  of  child  quality. 
The  strongest  prediction  is  that  the  wealth  effect  on  the  child's  human 
capital  (health,  in  our  case)  will  be  zero  in  families  which  plan  to  make 
financial  transfers  to  the  children,  but  positive  in  families  who  do  not 
plan  such  a  transfer  (see  Edwards  and  Grossman  1977J . 

What  is  striking  about  this  review  of  the  economic  models  is  that  al- 
though they  differ  in  many  respects,  they  all  designate  the  same  set  of  fac- 
tors as  determinants  of  children's  health — parents'  wealth,  wage  rates,  and 
education,  family  size,  other  input  prices,  etc.     In  addition,  they  provide 
ready  structures  within  which  to  interpret  empirical  findings.    Thus,  the 
greater  incidence  of 'broken  bones  among  children  from  high  income  families 
is  seen  not  as  an  anomalous  finding  but  rather  as  a  result  of  conflicting 
family  objectives  concerning  various  aspects  of  child  quality.    Or,  a  find- 
ing that  for  high  income  families  increases  in  wealth  are  not  associated 
with  increased  children's  health  is  not  viewed  as  evidence  that  wealthy 
parents  do  not  care  about  their  children  but  rather  as  a  result  of  the  fact 
that  wealthy  parents  have  already  made  the  optimal  health  investment  for 
their  children.     In  the  sections  to  follow,  both  the  choice  of  variables  to 
be  investigated  and  the  interpretation  of  the  results  of  that  investigation 
are  guided  by  the  general  framework  outlined  here. 


III.    Variables  and  Relationships  to  be  Estimated 
A.    Measurement  of  Child  Health 

The  issue  of  defining  and  measuring  children's  health  is  very  much  an 
unresolved  one,  even  among  professionals  in  the  area  of  public  health.** 
The  economist's  approach  is  to  define  health  as  a  form  of  human  capital  which 
determines  the  amount  of  time  available  for  consumption  and  for  work  in  the 
home  and  labor  market.**     (Individuals  may  also  derive  disutility,  or  even 
utility,  from  the  state  of  being  ill.)    With  this  type  of  definition,  an 
appropriate  measure  of  health  status  over  some  time  period  would  be  the  pro- 
portion of  potential  time  that  is  actually  available  for  the  usual  consump- 
tion, maintenance,  and  work  activities.    Similarly,  the  complementary  measure 
of  ill  health  would  be  the  proportion  of  potential  available  time  lost  due 
to  inability  to  function  or  to  imperfect  functioning.    While  such  disability 
may  seem  to  be  relatively  easy  to  measure  when  dealing  with  adults  who  are 
members  of  the  labor  force  (a  good  approximation  is  days  lost  from  work  be- 
cause of  illness),  it  is  not  easy  to  measure  for  other  adults.  Moreover, 
even  a  measure  of  days  lost  from  work  might  not  capture  losses  in  consump- 
tion time.    Therefore,  in  economists'  studies  of  adults'  health,  both  the 
incidence  of  particular  physical  conditions  and  the  individual's  own  assess- 
ment of  his  health  status  have  been  used  as  supplementary  health  measures 
iGrossman  1972J. 

We  use  the  same  type  of  restricted,  morbidity-oriented,  definition  of 
children's  health — focusing  on  the  child's  physical  health  rather  than  his 
overall  well  being — and  similar  types  of  measures — disability,  physical 
conditions,  and  parental  assessment  of  health  status.    The  use,  however,  of 
disability  measures  (time  lost  from  usual  activities)  and  of  the  incidence 
of  certain  physical  conditions  is  somewhat  less  appropriate  for  children 
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than  for  adults.        This  is  because  there  is  a  natural  sequence  of  childhood 

diseases  and  acute  conditions  which  prevent  children  from  carrying  out  their 

normal  activities,  but  which  do  not  reflect  the  child's  health  capital  or 

the  child's  future  prospects  for  life  preservation  and  normal  functioning. 

A  useful  distinction  to  make  here  is  between  "permanent"  health,  which  is 

what  we  mean  by  health  capital,  and  "transitory"  health,  those  short-run 

deviations  from  one's  normal  state  of  health  caused  by  the  acute  conditions 

of  childhood.17    It  is  the  child's  "permanent"  health  status  that  we  wish 

to  study,  and  we  attempt  to  use  those  health  measures  which  will  be  good 
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predictors  of  that  "permanent"  health  status. 

In  some  situations  a  single  overall  index  of  "permanent"  health  might 
be  desired— to  describe  parsimoniously  the  health  status  of  a  population, 
or  to  allocate  public  funds.    Health,  however,  clearly  is  a  multidimensional 
concept.    Analysis  of  a  set  of  components  rather  than  a  single  index  allows 
us  to  detect  differences  in  the  effects  of  family  background  variables  on 
the  various  dimensions  of  health.    Such  analysis  also  avoids  an  essentially 

arbitrary  weighting  of  the  various  dimensions  of  health  implied  by  a  health 

j    .  19 
index. 

The  actual  choice  of  components  of  children's  health  status  to  be  ex- 
amined is  controlled  by  the  Cycle  II  data  set  and  guided  by  the  child  health 
literature,20  as  well  as  by  discussions  with  public  health  pediatricians.21 
The  measures  are  listed  and  described  below. 

1.    The  parent's  assessment  of  the  child's  overall  current  health, 
represented  by  PFGHEALTH.    PFGHEALTH  is  a  dichotomous  variable  indicating 
whether  the  parent  views  the  child's  health  as  poor,  fair,  or  good  (as 
opposed  to  very  good). 


2.  Current  height  and  weight,  represented  by  Z HEIGHT  and  I WEIGHT. 
These  are  standard  indicators  of  children's  nutritional  status  [for  ex- 
ample, National  Center  for  Health  Statistics  1970b  and  1975;  Seoane  and 
Latham  1971,    and  good  nutrition  is  an  obvious  and  natural  vehicle  for 
maintaining  children's  health.     Height  is  a  better  summary  measure  of 
the  lifetime  nutritional  status  of  the  child,  while  weight  conveys  infor- 
mation primarily  about  his  or  her  current  nutritional  status.    Since  it 
is  well  known  that  physical  growth  rates  differ  by  age  and  sex,  our 
height  variable  is  computed  as  the  difference  between  the  child's  actual 
height  and  the  mean  height  for  his  or  her  age-sex  group  divided  by  the 
standard  deviation  of  height  for  that  age-sex  group.    Our  weight  measure 
is  computed  in  a  similar  manner. 22 

3.  The  child's  hearing  acuity,  represented  by  I HEAR.     I HEAR  is  a 
dichotomous  variable  indicating  whether  the  child  has  abnormal  hearing.  A 
child  is  defined  to  have  abnormal  hearing  if  the  average  threshold  deci- 
bel reading  in  his  best    ear  over  the  range  of  500,  1,000,  and  2,000 
cycles  per  second  (c.p.s.)  is  greater  than  15.     500,  1,000,  and  2,000 
c.p.s.  are  the  frequencies  that  occur  most  frequently  in  normal  speech. 

A  threshold  of  15  or  more  decibels  above  audiometric  zero  at  these  fre- 
quencies is  classified  as  corresponding  to  "significant  difficulty  with 
faint  speech"  by  the  Committee  on  Conservation  of  Hearing  of  the  American 
Academy  of  Ophthalmology  and  Otolaryngology  [NCHS  1970a], 

4.  The  child's  visual  acuity,  represented  by  the  dichotomous  vari- 
able ABVIS.    ABVIS  indicates  if  the  child  has  abnormal  distance  vision. 
All  children  were  examined  without  their  eyeglasses;  their  uncorrected 
binocular  distance  vision  is  defined  as  abnormal  if  it  is  worse  than 
20/30  [NCHS  1972). 23 


5.  The  child's  blood  pressure,  represented  by  HDBP.    HDBP  is  a  dummy 
variable  which  indicates  if  the  child's  diastolic  blood  pressure  exceeds 
the  95th  percentile  for  his  or  her  age  and  sex. 

6.  Whether  or  not  the  child  has  hayfever  or  other  allergies,  repre- 
sented by  the  dummy  variable  ALLEG. 

7.  An  assessment  of  the  child's  level  of  tension,  represented  by  the 
dummy  variable  TENS.    TENS  characterizes  children  who  are  rated  by  their 
parents  as  "high  strung"  or  "moderately  tense."    Both  the  tension  and 
allergy  variables  may  be  regarded  as  measures  of  the  "new  morbidity." 

8.  The  presence  of  one  or  more  "significant  acquired  abnormalities"  on 

physical  examination  of  the  child,  represented  by  the  dummy  variable  ACABN. 

These  abnormalities  include  heart  disease)  neurological,  muscular,  or  joint 
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conditions;  and  other  major  diseases. 

'  9.    The  child's  periodontal  index,  represented  by  APERI.    APERI  is  a 

good  overall  indicator  of  oral  health  as  well  as  a  positive  correlate  of 
nutrition  [Russell  1956J.    Due  to  the  significant  age  and  sex  trends  in 
this  variable,  it  is  standardized  by  age  and  sex  in  the  same  manner  as 

height  and  weight.    Higher  values  of  APERI  denote  poorer  values  of  oral 

.     ,  ,  25 
health. 

10.    Excessive  absence  from  school  for  health  reasons  during  the  past 

six  months,  represented  by  the  dichotomous  variable  SCHABS.    This  variable 
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is  taken  from  information  provided  by  the  child's  school. 

Precise  definitions  of  the  above  health  measures 
appear  in  Table  XI,  along  with  their  sample  means  and  a  notation  concerning 
the  source  of  each  variable  (medical  history ,  physician's  exam,  birth 
certificate,  or  school  form). 


TABLE  IZ 
Definitions  of  Health  Measures 


Variable       Mean  in  b 
Name  Sarmle  Definition  Source 


PFG HEALTH         .451  Dummy  variable  that  equals  one  if  parental 

assessment  of  child's  health  is  poor,  fair, 
or  good  and  zero  if  assessment  is  very  good 

IHEIGHT  .071°         Height,  standardized  by  the  mean  and  stand- 

ard deviation  of  one-year  age-sex  cohorts 

IWEIGHT  ,042C         Weight,  standardized  by  the  mean  and  stand- 

ard deviation  of  one-year  age-sex  cohorts 

I HEAR  .006  Dummy  variable  that  equals  one  if  hearing 

is  abnormal 

ABVIS  .116  Dummy  variable  that  equals  one  if  uncorrected 

binocular  distance  vision  is  abnormal 

Xcjbp  .054  Dummy  variable  that  equals  one  if  the  child's 

diastolic  blood  pressure  is  above  the  95th 
percentile  for  his  age  and  sex 

ALLEG  .156  Dummy  variable  that  equals  one  if  the  child 

has  had  hay fever  or  any  other  kind  of 
allergy 

TENS  .476  Dummy  variable  that  equals  one  if  the  parent 

rates  the  child  as  high  strung  or  moderately 
tense 

ACABN  .037  Dummy  variable  that  equals  one  if  the  physi- 

cian finds  a  "significant"  acquired  abnormal- 
ity in  examining  the  child  (other  than  an 
abnormality  resulting  from  an  accident  or 
injury) 

APERI  -.034°         Periodontal  index,  standardized  by  the  mean 

and  standard  deviation  of  one-year  age-sex 
cohorts 

SCHABS  .045d         Dummy  variable  that  equals  one  if  child  has 

been  excessively  absent  from  school  for 
health  reasons  during  the  past  six  months 


(footnotes  on  next  page) 


Footnotes  to  TABLE  II 

*These  means  are  computed  for  the  "basic"  sample  of  4,196  white  chil- 
dren described  in  Section  IV. 

b 

The  sources  are  1  -  medical  history  form  completed  by  parent,  2  -  birth 
certificate,  3  -  physical  examination,  4  •  school  form  completed  by  teacher 
or  other  school  official. 

c 

The  mean  of  this  variable  is  not  rero  because  standardization  was  done 
using  the  entire  Cycle  II  sample  rather  than  the  subsample  reported  on  in  this 
paper. 

d 

The  mean  of  this  variable  is  computed  for  a  subsample  of  3,812  for  whom 
the  school  report  is  not  missing. 


B.    Measurement  of  Explanatory  Variables 

The  theoretical  variables  needed  for  investigating  children's  health 
were  listed  earlier i    family  wealth,  parents'  wage  rates,  parents'  educa- 
tional attainment  (or  other  measures  of  their  efficiency  in  household 
production),  the  child's  health  endowment,  the  costs  and  availability  of 
medical  care  and  other  market  health  inputs,  the  prices  of  other  Inputs 
used  to  produce  child  quality,  the  prices  of  other  forms  of  parents'  con- 
sumption, and  family  size. 

Not  surprisingly,  the  actual  measures  available  in  the  Cycle  XX  survey 
correspond  only  roughly  to  the  above  theoretical  variables.    We  discuss 
these  measures  and  indicate  how  they  relate  to  the  theoretical  variables 
below.    A  complete  list  of  the  measures,  their  precise  definitions,  and 
their  sample  means  and  standard  deviations  appear  in  Table  XXX. 

Family  wealth  and  the  father's  wage  rate  are  both  represented  by  the 

family  income  measure.    Two  income  variables  are  used  (FINC,  HFXNC)  in 

order  to  allow  for  the  possibility  that  the  relationship  between  family 
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wealth  and  children's  health  differs  for  high  and  low  income  families. 

The  mother's  wage  rate  is  not  directly  available  in  the  survey.  He 
attempt  to  control  for  variations  in  her  wage  rate  with  three  variables t 
her  educational  attainnent  (MEDUCAT)  and  two  measures  of  her  current  work 
status  (MWORKFT,  MWORXPT) .    More  educated  women  are  more  likely  to  have 
higher  opportunity  costs,  as  are  women  who  are  currently  in  the  labor  force. 

As  efficiency  (or  taste)  measures  we  use  mother's  and  father's  educa- 
tional attainment  (MEDUCAT,  FEDUCAT)  and  a  dummy  variable  identifying 


r 


TABLE  III 
Explanatory  Variables 


Sample 

Variable      Sample  Standard 
Name  Mean*  Deviation* 


Definition 


FINC 


7.502 


4.405 


Continuous  family  income  computed  by  assign- 
ing midpoints  to  the  following  closed  income 
intervals,  $250  to  the  lowest  interval,  and 
$20,000  to  the  highest  interval.    The  closed 
income  classes  are: 


$500 

$999 

$1,000 

$1,999 

$2,000 

$2,999 

$3,000 

$3,999 

$4,000 

$4,999 

$5,000 

$6,999 

$7,000 

$9,999 

$10,000 

$14,999 

HFINC 


MWORKPT 
MWORKFT 


5.038  6.138 


.132 
.158 


.339 
.365 


MEDUCAT  11.095 


2.808 


FEDUCATC    11.220  3. 


461 


FLANG 


LIGHT1 


LIGHT2 


.105 


.013 


.043 


.307 


.112 


.202 


Same  as  FINC    for  income  of  $7,000  and  oven 
equals  rero  for  incomes  below  $7,000 

Dummy  variables  that  equal  one  if  the  mother 
works  part-time  or  full-time,  respectively 

Years  of  formal  schooling  completed  by  mother 

Years  of  formal  schooling  completed  by  father 

Dummy  variable  that  equals  one  when  a  foreign 
language  is  spoken  in  the  home 

Dummy  variable  that  equals  one  if  child's 
birth  weight  was  under  2,000  grams  (under 

4.4  pounds) 

Dummy  variable  that  equals  one  if  child's 
birth  weight  was  equal  to  or  greater  than 
2,000  grams  but  under  2,500  grams  (under 

5.5  pounds) 


CABN  .050  .219 


Dummy  variable  that  equals  one  if  the  physi- 
cian finds  a  "significant"  congenital  abnor- 
mality in  examining  the  child 


TABLE  III  (concluded) 


Sample 

Variable     Sample    standard  ^ 
Name         Mean*      Deviation8  Definition 


MALE 


.513 


500  Dummy  variable  that  equals  one  if  child  is 

male 


LMAG 


.073 


261  Dummy  variable  that  equals  one  if  the  mother 

was  less  than  20  years  old  at  birth  of  child 


HHAG 


.105 


307  Dummy  variable  that  equals  one  if  the  mother 

was  more  than  35  years  old  at  birth  of  child 


FIRST 


.288 


.453  Dummy  variable  that  equals  one  if  child  is 

the  first  bom  in  the  family 


TWIN 


.023 


149  Dummy  variable  that  equals  one  if  child  is  a 

twin 


NEAST 
MWEST 

SOUTH 


.236 
.322 
.181 


,425  Dummy  variables  that  equal  one  if  child  lives 

,467  in  Northeast,  Midwest,  or  South,  respectively; 

,385  omitted  class  is  residence  in  West 


URBl 
'^32 
L*IRS3 
NURB 


.199 
.120 
.181 
.148 


,400  Dummy  variables  that  equal  one  if  child  lives 

,325  in  an  urban  area  with  a  population  of  3  mil- 

,385  lion  or  more  (URB1) ;  in  an  area  with  a  popu- 

,355  lation  between  1  million  and  3  million 

(URB2 ) ;  in  an  urban  area  with  a  population 
less  than  1  million  (URB3) >  or  in  a  non-rural 
and  non-urbanized  area  (NURB) ;  omitted  class 
is  residence  in  a  rural  area 


DENT 12 


.169 


375  Dummy  variable  that  equals  one  if  child  has 

been  to  a  dentist  sometime  in  his  life  but 
not  within  the  last  twelve  months 


DENTIST3  .179 


.383  Dummy  variable  that  equals  one  if  child  has 

never  been  to  a  dentist 


LESS20  3.635  1.676 


Number  of  persons  in  the  household  20  years 
of  age  or  less 


NOFATH  .071  .257  Dummy  variable  that  equals  one  if  child  lives 

with  mother  only 


Footnotes  to  TABLE  III 


These  means  and  standard  deviations  are  computed  for  the  "basic"  sam- 
ple of  4,196  children  described  in  Section  TV. 

b 

All  of  these  variables  except  LIGHT1 ,  LIGHT2,  and  CABS  are  taken  from 
the  medical  history  form.    L1GHT1  and  LIGHT2  come  from  the  child's  birth 
certificate,  and  CABN,  from  the  physical  examination. 

CFor  children  who  were  not  currently  living  with  their  father,  father's 
education  was  coded  at  the  mean  of  the  sample  for  which  father's  education  was 
reported. 


mothers  who  were  under  20  years-old  at  the  time  of  the  child's  birth  (LMAG) . 

Young  mothers  are  notoriously  less  efficient  at  contra  cepting  and  may  be 

similarly  less  efficient  in  producing  healthy  children.    A  supplementary 

efficiency  (or  taste)  measure  is  a  variable  indicating  whether  a  foreign 

language  is  spoken  in  the  home  (FLANG) .    Foreign  born  families  are  likely  to 

exhibit  differences  in  tastes  and/or  household  production  efficiency. 

The  child's  endowed  health  status  is  represented  by  a  set  of  variables 

relating  to  his  early  health.    They  are  dummy  variables  identifying  children 

of  low  birth  weight  (LIGHTl,  LIGHT2) ,  children  with  congenital  abnormalities 

(CABN) ,  the  child's  sex  (MALE),  and  children  whose  mothers  were  over  35  years 

old  at  the  time  of  the  child's  birth  (HMAG).     Low  birth  weight  is  a  typical 
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indicator  of  a  less  healthy  birth  outcome.        The  rationale  for  including  a 
variable  identifying  older  mothers  is  that  older  mothers  are  more  likely  to 
bear  children  with  health  defects.    The  child's  sex  is  included  because  of 
the  well  documented  higher  incidence  rates  of  certain  health  problems  among 
males  at  young  ages  [for  example,  NCHS  1973). 

In  addition  to  these  health  endowment  measures,  we  also  control  for 
several  characteristics  of  the  child  which  are  not  necessarily  health  re- 
lated but  may  cause  him  to  receive  better  or  worse  treatment  within  the 
family  simply  by  virtue  of  his  luck  in  possessing  these  characteristics. 
They  are  his  birth-order  (FIRST) ,  whether  or  not  he  is  a  twin  (TWIN) ,  as 
well  as  his  sex  (MALE).    First  born  children  (or  non-twins)  will  have 
greater  access  to  individual  parental  attention  because  they  arrived  in 
the  family  first  (or  they  arrived  alone).     Similarly,  male  children  may 
receive  larger  investments  than  female  children  if  males  are  preferred 
(see  Ben  Porath  and  Welch  1976] . 


Direct  information  about  the  prices  of  inputs  in  the  health  production 
function  and  in  the  other  household  production  functions  is  not  available 

in  the  Cycle  II  data.    Moreover  since  the  precise  locality  of  each  observe- 
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tion  cannot  be  identified  et  the  present  time,      it  is  not  possible  to  esti- 
mate these  prices  with  local  market  data.    Therefore  to  partially  control 
for  these  prices,  we  use  a  set  of  three  region  and  four  size  of  place  of 
residence  variables.     (These  variables  will  also  control  for  other  regional 
differences  that  are  not  otherwise  accounted  for.)     In  addition,  information 
about  the  last  time  the  child  visited  a  dentist  (DENT12  and  DENTIST3)  is 
used  to  provide  a  somewhat  more  specific  index  of  the  price  and  availability 
of  medical  care.    The  latter  variables  not  only  proxy  the  price  and  avail- 
debility  of  medical  care  in  the  area  but  also  the  family's  preferences  and 
attitudes  concerning  preventive  care.^ 

Finally,  family  size  is  represented  by  the  number  of  people  in  the 
family  who  are  under  20  years  of  age  at  the  time  of  the  Cycle  II  interview 
(LESS20).    LESS20  may  therefore  overstate  or  understate  actual  completed 
family  size. 

In  surveying  these  variables,  it  is  immediately  obvious  that  some  of 
them  are  not  the  exogenous  measures  called  for  by  the  theory  but  rather 
are  proxies  that  are  in  part  endogenously  determined.    That  is,  some  of 
these  variables  not  only  represent  exogenous  prices  or  endowments  but  are 
themselves  outcomes  of  the  family's  decision  making.    Tor  example,  mother's 
labor  force  status  represents  her  wage  rate  as  well  as  the  amount  of  time 
she  chooses  to  spend  with  her  children.    Similarly,  some  of  the  health 
endowment  measures— birth  weight,  mother's  age  at  the  time  of  the  child's 
birth,  and  whether  or  not  congenital  abnormalities  are  present — reflect 
not  only  genetic  endowments  but  also  family  choices  regarding  prenatal 


care  and  the  timing  of  childbearing,  both  of  which  condition  the  birth  out- 
cone.    The  saae  observation  can  be  Bade  about  the  measures  used  to  proxy 
the  price  and  availability  of  medical  care  (DENT12  and  dentist 3) *  They 
represent  both  exogenous  prices  and  endogenous  health  Inputs. 

One  other  explanatory  variable  is  endogenous — family  sire— but  for  a 
different  reason.    Family  size  is  endogenous  not  because  it  is  an  imperfect 
proxy  for  a  truly  exogenous  variable,  but  because  in  the  theoretical  model 
both  family  size  and  children's  health  are  simultaneously  determined.3* 

The  endogeneity  of  family  size  as  well  as  the  other  variables  men- 
tioned above  poses  the  usual  problem  of  bias  in  their  coefficient  estimates 
unless  appropriate  simultaneous  estimation  techniques  are  used.    Such  tech- 
niques cannot  be  used  in  this  case,  however,  because  appropriate  data  are 

not  available,  and  even  if  they  were,  the  coefficients  are  not  always 
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identifiable.       As  an  alternative  procedure,  we  estimate  the  children's 

health  equations  two  ways,  both  with  and  without  the  6et  of  endogenous  vari- 
ables included.    When  they  are  excluded,  the  coefficients  of  the  various 
exogenous  family  characteristics  will  reflect  their  gross  impacts.  Estimates 
with  the  endogenous  input,  endowment,  and  family  size  variables  included  will 
reveal  to  what  extent  the  exogenous  family  characteristics  operate  through 
these  endogenous  measures. 

To  recapitulate,  the  equations  we  estimate  have  the  health  variables 
listed  in  Table  II  as  dependent  variables  and  the  variables  listed  in  Table 
III  as  explanatory  variables.    These  equations  are  not  pure  reduced-form 
demand  equations  for  children's  health  for  two  reasons.    First,  the  inclu- 
sion of  family  size,  an  endogenous  variable  from  the  structural  demand 
equation,  makes  the  estimating  equation  a  hybrid  of  a  reduced  form  and 
structural  demand  equation.    Second,  measures  of  some  of  the  relevant 


theoretical  variables  are  unavailable  and  the  proxy  measures  used  also  repre- 
sent endogenous  input  quantities.    The  final  estimating  equation  reported  on 
here,  then,  is  a  mixture  of  a  structural  demand  equation,  a  reduced  fora 
demand  equation,  and  a  production  function.    Interpretation  of  our  results 
will  allov  for  the  hybrid  nature  of  these  equations. 

IV.    Empirical  Results 
The  equations  described  in  the  previous  section  are  estimated  using  data 
for  white  children  who  live  with  either  both  of  their  parents  or  with  their 
mothers  only.    There  were  5,768  such  children  in  the  Cycle  II  sample.  The 
exclusion  of  children  for  whom  there  were  missing  data  brings  the  final 
sample  to  4,196. 33    Data  for  both  types  of  family  composition  are  pooled 
for  analysis  because  preliminary  estimates  indicated  that  there  were  no 
significant  differences  in  the  sets  of  slope  coefficients  for  all  dependent 
variables  except  SCHABS.    A  dummy  variable  identifying  children  who  live 
with  their  mothers  only  (NOFATH)  is  included  to  allow  for  differences  in 
children's  health  that  may  be  uniquely  associated  with  the  absence  of  a 
father.    We  do  not  use  data  for  black  children  in  estimating  the  equations 
because  preliminary  analysis  revealed  significant  race  differences  in  slope 
coefficients  for  about  half  of  our  health  measures.     In  addition,  since  the 
black  sample  is  too  small  to  allow  for  reliable  coefficient  estimates, 
.separate  estimates  for  black  children  are  not  presented. 
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•The  method  of  estimation  is  ordinary  least  squares.    Although  this  is 
not  the  optimal  econometric  procedure  to  use  when  the  dependent  variable  is 
dichotomous,  use  of  LOGIT35  or  another  appropriate  nonlinear  estimation 
procedure  is  not  feasible  given  the  sample  size  and  number  of  variables  in 
our  empirical  work.    To  determine  whether  this  misspecification  is  likely 
to  greatly  affect  our  results,  we  experimented  with  alternative  estimation 
procedures  on  a  subsample  of  one-third  of  our  basic  sample.    Osing  a  de- 
pendent variables  with  a  low  incidence  and  one  with  an  incidence  near  .5, 
we  obtained  both  OLS  and  LOGIT  estimates  of  our  equations  for  this  sub- 
sample.    In  both  cases  the  differences  between  alternate  estimators  are 
small:    OLS  coefficients  and  the  analogous  marginal  effects  in  LOGIT  are  of 
similar  magnitudes  and  signs,  and  the  patterns  of  statistical  significance 
do  not  alter.    Indeed,  the  differences  between  these  OLS  and  LOGIT  esti- 
ma  tea  for  the  one-third  subsample  are  much  less  than  are  the  differences 
between  OLS  estimates  for  the  full  sample  and  for  the  one-third  subsample. 
On  the  basis  of  these  experiments  we  believe  that  OLS  estimation  applied  to 
the  full  sample  provides  the  more  accurate  picture  of  the  relationship  be- 
tween measures  of  health  and  the  various  explanatory  variables.    Of  course, 
the  usual  statistical  tests  on  a  single  coefficient  or  on  sets  of  coeffi- 
cients can  only  be  interpreted  as  suggestive  when  the  dependent  variable  is 
dichotomous  because  the  assumptions  underlying  these  tests  are  not  satisfied. 

We  organize  our  discussion  of  the  results  around  groups  of  explanatory 
variables.    Therefore,  rather  than  presenting  estimates  of  the  equations  in 
a  single  massive  table,  we  have  chosen  to  partition  the  results  into  several 
tables,  each  showing  the  coefficients  of  a  subset  of  explanatory  variables. 


It  should  be  emphasized,  however,  that  the  coefficients  in  each  of  these 
tables  are  taken  from  multiple  regression  estimates  that  contain  either  the 
complete  set  of  explanatory  variables  in  Table  XXI  or  that  subset  we  have 
classified  bb  exogenous. 

h.  Overview 

The  obvious  first  question  to  ask  it  are  these  health  measures  amenable 

to  statistical  explanation  with  the  set  of  variables  considered  here?  To 

2 

answer  this  question  we  present  adjusted  R       and  "P"  statistics  for  the 
health  equations  both  with  and  without  the  set  of  endogenous  explanatory 
variables  (Table  IV) .    In  all  cases  except  for  hearing  acuity  and  excessive 
school  absence  the  equations  are  statistically  significant  at  the  1  percent 
level  of  significance  in  one  or  both  formulations.    Further,  only  for  the 
hearing  variable  are  none  of  the  individual  explanatory  variables  ever 
statistically  significant.    Thus,  we  can  conclude  that  for  most  of  the 
health  measures  we  study,  observed  variations  in  our  sample  are  not  caused 
solely  by  chance  but  rather  are  systematically  related  to  the  set  of  family, 
endowment,  and  region  and  city  size  characteristics  considered  here. 

B.    Exogenous  Family  Characteristics 

Since  the  prime  focus  of  this  paper  is  the  relationship  between  fam- 
ily characteristics  and  children's  health,  we  begin  by  looking  at  the 
measures  of  exogenous  family  characteristics — income,  parents'  education, 
whether  or  not  a  father  lives  with  the  family,  and  whether  or  not  a  for- 
eign language  is  spoken  in  the  home.    The  coefficients  of  these  variables 
appear  in  Table  V  (the  results  for  I HEAR  are  not  shown  in  this  and 


TABLE  IV 

Adjusted  R  Squares  and  F  Statistics 


Equation  1* 

Equation  2b 

Dependent 
Variable 

Adjusted 
R  Squared 

F 

Statistic 

Adjusted 
R  Squared 

F 

Statistic 

PFGHEALTH 

.073 

(21.71*) 

.063 

(15.61*) 

I  HEAR 

-.001 

(0.73) 

-.002 

(0.65) 

ABVIS 

.005 

(2.26*) 

.006 

(1.99*) 

HDBP 

.006 

(2.79*) 

.007 

(2.25*) 

ALLEG 

.032 

(9.69*) 

.037 

(7.15*) 

TENS 

.020 

(6.32*) 

.020 

(4.35*) 

ACABN 

.002 

(1.62) 

.006 

(1.89*) 

SCHABS 

.001 

(1.34) 

.002 

(1.22) 

I HEIGHT 

.040 

(12.63*) 

.071 

(13.75*) 

IWEIGHT 

.030 

(9.60*) 

.060 

(11.72*) 

APERI 

.104 

(33.50*) 

.109 

(21.55*) 

Statistically  significant  at  the  1  percent  level  of  signifi- 
cance. 


aExplanatory  variables  are  FINC,  HFINC,  FEDUCAT,  MEDUCAT , 
FLANG,  NOFATH,  HALE  (when  relevant) ,  FIRST,  TWIN,  NEAST,  MWEST, 
SOUTH,  URB1,  URB2,  URB3  and  NURB. 

bExplanatory  variables  include  those  in  equation  1  plus 
LESS20,  LIGHT1,   LIGHT2,  CABN,  MWORKPT,  MWORKFT,  LMAG,  HMAG, 
DENT12  and  DEWTIST3. 
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subsequent  tables  because  none  of  it*  explanatory  variable  coefficients  are 
statistically  significant). 

The  partial  effects  of  income  on  the  various  health  measures  axe  sur- 
prisingly snail  and  are  statistically  significant  only  for  the  variables 
PFGHEALTH,  SCHABS,  I WEIGHT,  and  XPERT .    As  an  example  of  the  magnitudes  of 
these  coefficients,  a  $1,000  increase  in  annual  family  income  is  associated 
with  a  decrease  of  only  .01  in  the  probability  of  parents'  rating  their 
children's  health  as  poorer  than  "very  good"  (see  eq.  1).    The  magnitudes 
tend  to  become  even  smaller  when  the  set  of  endogenous  variables  is  in- 
cluded (eg.  2) ,  but  the  pattern  of  statistical  significance  is  not  altered. 
In  addition,  in  some  cases  higher  income  is  associated  with  poorer  rather 
than  better  health  (HDBP,  ALLEG ,  ACABN,  TENS,  SCHABS),  although  this  per- 
verse relationship  is  statistically  significant  only  for  SCHABS.  With 
respect  to  differences  in  income  effects  between  low  and  high  income 
families,  a  significant  difference  is  observed  only  for  SCHABS.     In  that 
case  the  negative  income  effect  in  the  low  income  class  completely  dis- 
appears for  the  high  income  class  (the  coefficients  of  FINC  and  HFINC  are 
opposite  in  sign  and  approximately  equal  in  magnitude).    To  summarize 
these  varied  results,  while  income  does  have  a  significant  relationship 
with  four  of  the  eleven  health  measures,  on  balance,  the  evidence  leads  one 
to  conclude  that,  overall,  income  is  not  an  important  factor  for  explaining 
health  variations  among  the  children  in  this  sample. ^ 

Unlike  family  income,  the  parents'  educational  attainment  has  signifi- 
cant effects  on  most  of  the  health  measures.     In  fact,  one  or  both  of  the 
parents'  education  measures  is  statistically  significant  except  when  ACABN 
and  SCHABS  are  the  dependent  variables.    This  is  true  whether  or  not  the  set 
of  endogenous  variables  is  included  in  all  equations  except  the  weight 


equation.    Both  for  the  height  and  weight  measure*  the  Inclusion  of  the  en- 
dogenous variables  causes  a  substantial  (about  50  percent  on  average)  de- 
cline in  the  magnitude  of  the  education  coefficients.    Contrary  to  expec- 
tations, significant  inverse  relationships  between  health  and  parents' 
education  are  reported  for  ALLEG  and  TENS.    This  may  be  a  result  of  a 
reporting  bias  in  that  more  educated  parents  may  be  more  sensitive  to 
subtle  aspects  of  ill  health  in  their  children.    Alternatively,  more  edu- 
cated parents  may  be  more  demanding  regarding  their  children's  behavior 
and  achievement,  creating  greater  tension  and  accompanying  allergies. 
With  the  exception  of  these  two  measures  of  the  "new  morbidity,"  however, 
the  coefficients  of  the  parents'  educational  attainment  variables  are  con- 
sistent with  the  notion  that  higher  parental  education  leads  to  greater 
efficiency  in  home  health  production.37 

Children  from  families  where  a  foreign  language  is  spoken  in  the  home 
do  not  have  significantly  different  health  levels  from  other  children  except 
with  respect  to  the  measures  ACABN  and  TENS.    Children  from  such  families  are 
more  likely  to  exhibit  an  acquired  abnormality,  but  they  are  less  likely  to 
be  considered  tense  by  their  parents. 

Differences  in  children's  health  associated  with  the  presence  or  ab- 
sence of  a  father  in  the  household  at  the  time  of  the  survey  are  not  uniform 
across  the  various  health  measures,  and  in  many  cases,  are  not  statistically 
significant.    The  coefficient  of  the  dummy  variable  NOFATH  indicates  signifi- 
cant positive  associations  with  better  health  when  HDPB  and  ACABN  are  the 
health  treasures,  and  significant  negative  associations  with  better  health 
when  health  is  measured  by  school  absenteeism.    In  the  cases  where  NOFATH  is 

not  significant,  both  positive  and  negative  health  relationships  are  again 
38 

reported.        The  somewhat  unexpected  conclusion  to  be  drawn  here,  then,  is 


that  having  an  absent  father  is  neither  a  clear  health  advantage  nor  a  clear 
health  disadvantage  to  a  child.    One  possible  explanation  it  that,  with  family 
income  held  constant,  unmarried  mothers  have  more  resources  to  allocate  to 
their  own  consumption  and  to  their  children  than  do  married  couples. 

Among  the  exogenous  family  characteristics  considered  in  this  subsec- 
tion, it  is  not  family  income  that  appears  to  be  of  outstanding  importance 
in  explaining  variations  in  children's  health  levels  (though  income  does 
play  a  role),  but  rather  parents'  educational  attainment.    With  the  excep- 
tion of  the  two  measures  relating  to  the  "new  morbidity"   (ALLEG  and  TENS) 
children's  health  status  significantly  improves  as  their  parents'  educa- 
tional attainment  increases.    The  remaining  two  exogenous  characteristics 
of  families — speaking  a  foreign  language  in  the  home  and  having  an  absent 
father — appear  to  have  minimal  negative  impacts  on  children's  health,  and 
in  some  cases,  may  even  be  positively  associated  with  health. 
C.     Region  and  City  Size 

It  is  clear  from  the  coefficients  of  the  region  and  city  size  varia- 
bles (in  Table  VI)  that  another  characteristic  of  families— their 
location — accounts  for  larger  differences  in  children's  health  than  do 
those  characteristics  discussed  above.    Significant  regional  differences 
exist  for  the  variables  PFG HEALTH,  ABVIS,  ALLEG,  ACABN,  APERI ,  I HEIGHT, 
and  IWEIGHT) ;  and  significant  city  size  differences  exist  for  PFG  HEALTH, 
ABVIS,  HDBP,  ALLEG,  TENS,  IWEIGHT,  and  APERI.     Regional  and  city  size 
differences  in  children's  health  are  not,  however,  uniform;  there  is  no 
"best"  place  to  live.    For  example,  health  is  best  in  the  West  when  mea- 
sured by  APERI  and  ACABN,  but  worst  when  measured  by  ALLEG,  I  HEIGHT,  and 
IWEIGHT.    Similarly,  health  is  best  in  non-urbanized  non-rural  areas  when 
measured  by  HDBP,  but  is  best  in  medium  sized  cities   (1  to  3  million 
people)  when  measured  by  PFG HEALTH  and  ALLEG. 
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The  reasons  for  these  differences  are  varied  and  cannot  be  explored 
with  the  types  of  data  used  in  this  paper.    He  suggest  a  number  of  possi- 
bilities:   climate,  air  pollution  levels,  fluoridation  levels,  ethnic  coo- 
position  of  the  population,  as  well  as  unmeasured  differences  in  the  avail- 
ability and  price  of  medical  care*    In  addition,  there  are  differences  in 
stress  and  tension  associated  with  living  in  cities  of  various  sizes  or  in 
rural  areas.    To  distinguish  between  these  explanations,  one  would  need  to 
match  up  the  data  in  the  Cycle  IX  survey  with  local  measures  of  variables 
like  those  suggested  above.    The  point  we  wish  to  emphasize  here,  however, 
is  that  even  when  a  large  number  of  individual  family  demographic  and  eco- 
nomic characteristics  are  held  constant,  large  unexplained  regional  and 
city  size  differences  in  children's  health  levels  exist.    These  unex- 
plained differences  are  clearly  an  important  issue  for  future  epidemio- 
logical research. 

D.     Exogenous  Child  Endowments 

Coefficient  estimates  for  the  three  exogenous  child  endowment  charac- 
teristics— FIRST,  TWIN,  and  MALE— appear  at  the  bottom  of  Table  V.  First 
born  children  have  significantly  better  health  when  measured  by  PFGHEALTH, 
I HEIGHT,  and  I WEIGHT,  and  significantly  poorer  health  when  measured  by 
ALLEG  and  TENS.    Additional  insight  regarding  the  role  of  this  endowment 
measure  is  obtained  by  looking  at  how  its  coefficient  alters  when  the  set 
of  endogenous  variables  is  included.    In  this  case  both  the  benefits  and 
disadvantages  of  being  a  first  born  child  diminish  substantially  (except 
for  TENS),  though  FIRST  remains  statistically  significant.    Thus,  the 
impact  on  child  health  of  being  a  first  born  operates  in  part  via 
such  endogenous  variables  as  family  size,  mother's  work  status,  and  dentist 
visits. 


These  reported  health  difference!  between  first  borns  and  others  are 
consistent  with  the  notion  that  first  born  children  receive  relatively 
more  tine  and  attention  from  their  parents  than  other  children:  their 
rate  of  physical  development  is  more  rapid  (despite  the  fact  that  they 
tend  to  have  a  lower  weight  at  birth) ,  but  at  the  sane  tine  they  exhibit  a 
greater  incidence  of  allergies  and  tension  problems .    The  latter  is  a  likely 
result  of  the  increased  parental  attention  {and  accompanying  expectations) 
directed  at  first  borns. 

With  respect  to  the  other  two  child  characteristics,  nale  children  are 
less  likely  to  have  poor  vision  and  more  likely  to  have  allergies  and  be 
tense  than  are  female  children.    These  sex  differences  remain  unaffected  by 
the  inclusion  of  the  endogenous  variables.    Twins  differ  significantly  from 
other  children  in  their  health  status  only  in  that  they  are  less  likely  to 
have  allergies.    To  conclude,  there  are  health  differences  associated  with 
these  exogenous  child  characteristics,  in  particular  with  being  a  first 
born  child,  although  these  differences  are  not  uniform  across  the  various 
measures  of  health. 

E.    Endogenous  Child  Health  Endowments 

The  coefficients  of  the  five  endogenous  measures  of  the  child's  health 
endowment  appear  in  Table  VII.    Three  of  these  measures  reflect  differences 
in  the  birth  outcome  ( LIGHT 1 ,  LIGHT2 ,  CABN) ,  and  the  remaining  two  indicate 
the  mother's  age  at  the  time  of  the  child's  birth  (LMAG,  HMAG) .    One  or  more 
of  the  three  birth  outcome  variables  is  significantly  associated  with  poorer 
current  health  for  the  measures  PFGHEALTH,  ABVTS,  ACABN,  SCHABS,  I HEIGHT, 
I  WEIGHT,  and  APERI.    Especially  notable  are  the  effects  of  these  variables 
on  height  and  weight:    babies  of  low  birth  weight  have  subsequent  height 
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and  weight  of  alnost  half  a  standard  deviation  below  the  mean  for  their  age- 
sex  cohort. 

The  results  for  the  mother's  age  variables  are  less  uniform.  Children 
of  young  mothers  are  significantly  healthier  when  health  is  measured  by 
PFGHEALTH  and  significantly  less  healthy  for  height,  weight,  and  the  peri- 
dental index.    Conversely,  children  of  older  mothers  are  significantly  less 
healthy  according  to  the  results  for  PFGHEALTH  and  HDBP  and  more  healthy  for 
height  and  weight.    These  observed  relationships  between  mother's  age  and 
children's  health  reflect  two  forces  that  go  in  opposite  directions.  Rela- 
tively young  mothers  are  probably  in  better  physical  health  when  they  give 
birth,  but  they  are  more  likely  to  have  unwanted  births  and  consequently 
receive  poorer  prenatal  care  and  spend  less  time  with  their  children. 
Births  at  relatively  old  ages  pose  health  risks  both  to  mothers  and  chil- 
dren, but  older  mothers  might  be  more  efficient  in  caring  for  their 
children. 

As  mentioned  earlier,  all  five  of  these  variables  are  endogenous  in 
that  they  are  determined  simultaneously  with  the  health  measures.  There- 
fore the  reported  significant  relationship  between  a  poor  birth  outcome 
and  poorer  current  health  can  be  interpreted  not  only  as  the  result  of 
behavioral  or  physiological  relationships,  but  also  as  the  impact  of  un- 
measured factors  that  affect  both  early  and  current  health  (tastes, 
attitudes  towards  medical  care,  etc.).    A  similar  remark  can  be  made  re- 
garding the  reported  coefficients  of  the  two  mother's  age  variables. 

F.    Family  Size 

Family  size  has  significant  health  effects  only  for  height,  weight,  and 
the  incidence  of  allergies  (see  Table  VI).    Children  from  larger  families 
tend  to  be  shorter  and  thinner  than  other  children,  but  they  also  exhibit  a 


smaller  probability  of  having  allergies.    Whether  these  relationships  reflect 
quality-quantity  substitution  on  the  part  of  the  parents    or  some  alterna- 
tive mechanism  (such  as  the  effects  of  an  exogenous  constraint  on  the  amount 
of  parents'  time  available  to  each  child)  cannot  be  determined. 

G.  Mother's  Kork  Status 

The  two  mother's  work  status  variables  (MWORKFT,  MWORKPT)  are  not  sig- 

39 

nificantly  related  to  most  of  the  health  measures  (see  Table  VIII).  When 
an  "F"  test  on  the  pair  of  variable  coefficients  is  conducted,  they  have 
significant  effects  only  for  I HEIGHT    and  APERI  (we  do  not  show  these  tests) . 
In  both  cases,  children  of  working  mothers  have  poorer  health  than  do  other 
children.    The  coefficients  of  the  individual  work  status  variables  indicate 
that  working  full-time  has  a  greater  impact  on  the  periodontal  index,  while 
working  part-time  has  a  greater  impact  on  height.    In  general  these  results 
reveal  that  participation  by  mothers  in  the  labor  market  is  detrimental  to 
the  health  of  their  children  only  with  respect  to  two  of  the  measures  which  re 
fleet  the  child's  nutritional  status.    This  finding  is  especially  plausible 
in  that  working  mothers  are  clearly  less  able  to  supervise  their  children's 
diets. 

H.  Medical  Care 

The  regression  coefficients  of  the  dichotomous  variables  that  identify 
children  who  last  saw  a  dentist  more  than  one  year  ago  (DENT12)  and  children 
wno  have  never  seen  a  dentist  (DENTIST3)  appear  in  Table  VIII.    These  two 
variables  serve  as  negative  proxies  of  the  amount  of  preventive  medical  care 
and  positive  proxies  of  the  price  of  preventive  care:    parents  of  children 
who  have  seen  a  dentist  within  the  past  year  are  more  likely  to  obtain  pre- 
ventive medical  care  services  for  their  children  and  to  face  a  lower  price 


45 


« 

«-< 

■a 

c 

> 

is 

u 


«  — 

o  m 

«  « 

Z  £ 
4> 

•O  C 

m  5  a 

U  U)  B 

•J  U 

CD  it  w) 

<  h  il 

f*  £  ■ 

*  "H 

•  « 

-  AJ 

^  E 

II 

IH 
O 

n 

*j 
c 
S 

o 


V 

8 


u 
a 
< 


X 

15 

M 

g 
M 

1/3 


O 


Z 

s 


tn 
z 
u 


•J 
< 


P. 


M 

< 


X 

I 


15 


o  o> 

is 

rH  W 

u 


in  — 

r-  m 

o  o 

o  • 

•  © 


rH  r-l 
O  • 

•  o 


IN  V 

rH  • 

•  CO 

I  -» 


o  o 
o  o 
o  o 


Ift  IN 

O  V 

©  • 

•  o 


rH  m 
rH  <N 

o  • 
•  o 


IN  (N 
O  O 

0  • 
•  o 

1  — 


tO  — 

O  r> 

O  O 

O  O 

•  • 

I  o 


ON  — 

n  r» 

r-t  00 
O  • 
.  O 


o  cm 
O  • 
•  IN 


v  m 

CO  o 
o  • 


to  m 

—t  rH 

O  • 

.  O 


IN  O 
10  IN 

o  • 

•  CM 
I  w 


in  r» 

cm  r- 

o  o 

o  • 

•  o 


IN  ID 
r-l  rH 
O  • 
•  IN 


IN  IN 
r>  r-l 

0  • 

•  fM 

1  — 


IN  — » 

O  r-l 

r-l  V 

o  • 

•  © 


If)  ~ 

r>  n 

O  r-l 

O  • 

•  o 


tO  -» 

tO  r-l 

©  r>i 
o  • 
.  o 


m  — 

V  IN 

r-i  vC 

O  • 

.  fM 


10  ~ 

O  • 
•  in 


«o  m 

•H  rH 

0  • 
•  o 

1  — 


in  r» 

0  v 

r-l  • 

•  tO 

1  — 


10  — 

o  o 

o  • 

•  o 


VD  f) 
fi  CO 

o  * 


vc  io 

IN  V 

o  • 

•  rH 


D  — « 

CM  O 

v  n 

O  • 


rH  m 

in  m 

o  • 

•  v 


O  5? 

O  O 

0  o 

•  • 

1  o 


IN  «^ 
0>  r-l 

o>  U 
o  • 

.  CM 
CM 


I-  r». 

o>  CO 

CO  r-t 

o  • 


«o  r- 
o  m 


•  m 
l  — 


co  -~ 

o>  m 

0  vO 

CM  • 

•  CM 

1  CM 


tO  — 

m  o 

r-l  m 

O  • 

•  CM 


m  to 

<H  O 

o  • 


CM  r» 

r-l  r» 

O  O 

O  O 


m  <» 
O  • 


o 

rH  CO 

rH  O 

o  • 

•  rH 


in  <y> 

CM  CM 
O  • 
•  CM 
I  *- 


co  to 

co  r- 

O  • 

•  in 


CM 


O 


rH 


of  care.    These  parents  may  also  have  preferences  for  high  quality  children. 
When  the  periodontal  index  is  the  health  measure,  these  two  variables  also 
proxy  direct  inputs  in  the  production  of  dental  health. 

One  or  both  of  these  medical  care  proxies  are  significantly  related 
to  seven  of  the  ten  health  measures  (all  but  abvis,  TENS,  and  SCHABS) . 
For  five  of  the  seven  (PFG HEALTH,  ACABN,  I HEIGHT,  X WEIGHT,  and  APERI)  chil- 
dren who  saw  a  dentist  within  the  past  year  have  higher  levels  of  health 
than  children  who  saw  a  dentist  more  than  one  year  ago  or  children  who 
never  saw  a  dentist.    This  relationship  is  reversed  for  ALLEG  and  HDBP. 
The  perverse  allergy  effects  probably  indicate  a  greater  awareness  of 
allergy  problems  among  parents  who  took  their  children  to  a  dentist  within 
the  past  year.    The  blood  pressure  effect  is  puzzling,  and  we  offer  no  ex- 
planation of  it. 

These  preventive  medical  care  proxies  appear  to  have  the  largest  im- 
pacts on  health  measures  that  reflect  basic  nutritional  status.     In  the 
height*  weight,  and  peridontal  index  equation,  the  coefficient  of  the  vari- 
able that  identifies  children  who  never  saw  a  dentist  is  large  relative  to 
tne  coefficients  of  other  independent  variables.     In  the  height  regression 
the  coefficient  of  DENTIST3  equals  21  percent  of  the  standard  deviation  in 
height.    The  corresponding  figures  in  the  weight  and  peridontal  index  reg- 
ressions are  11  percent  and  12  percent,  respectively.    Not  only  are  these 
coefficients  large,  but  they  apply  to  a  substantial  proportion  of  our 
•ample:    18  percent  of  the  children  in  the  san^le  never  saw  a  dentist. 

The  statistically  significant  effects  of  the  two  dental  variables  on 
the  periodontal  index  are  particularly  noteworthy  since  in  this  case  our 
estimates  directly  measure  the  effect  of  oral  health  input  on  oral  health 
output.     In  fact,  for  this  health  measure  the  beneficial  input  effects 


that  we  report  are  likely  to  understate  true  input  effects  because  of  reverse 
causality  that  runs  from  a  reduction  in  oral  health  to  an  increase  in  the 
probability  of  contacting  a  dentist. 

V.     Income  Differences  in  Children's  Health 
.Much  of  the  attention  policy  makers  and  health  professionals  direct  at 
children's  health  focuses  on  differences  related  to  family  income  levels.  In 
this  section,  we  discuss  how  our  results  can  be  used  to  provide  additional 
insight  into  the  nature  and  causes  of  these  differences. 

Our  findings  of  small,  and,  in  most  cases,  nonsignificant  income  ef- 
fects on  children's  health  may  appear  to  be  at  variance  with  accepted  opin- 
ion.   Indeed,  in  our  introduction  we  refer  to  large  reported  differences  in 
health  associated  with  differences  in  family  income.    One  explanation  of 
these  contradicting  conclusions  is  that  the  "conventional  wisdom"  is  based 
to  a  large  extent  on  income  differentials  in  infant  mortality  and  low  birth 
weight.    Our  paper  does  not  deal  with  infant  mortality,  and  low  birth 
weight  is  treated  as  an  explanatory  variable  rather  than  one  to  be  ex- 
plained.    Moreover,  our  sample  consists  of  a  cohort  of  children  who  sur- 
vived beyond  the  first  year  of  life  so  that  a  substantial  proportion  of  low 
birth  weight  infants  are  not  included.     [It  is  well  known  that  low  birth 
weight  has  a  strong  positive  relationship  with  subsequent  infant  mortality 
fsee  Lewit  1977). 

In  addressing  the  health  of  children  in  mid- childhood,  we  find  that 
while  for  some  health  measures  simple  income  comparisons  do  reveal  large 
differences  between  the  health  of  children  from  low  and  high  income  families, 
these  differences  largely  disappear  when  one  controls  for  differences  in 


other  family  characteristics  that  are  highly  correlated  with  income.    To  dem- 
onstrate how  large  a  portion  of  the  apparent  (or  gross)  income  differences 
would  be  attributed  to  associated  family  characteristics,  in  Table  IX  we 
provide  illustrative  calculations  for  the  measures  PFGHEALTH,  I HEIGHT, 
I WEIGHT,  alt  .EG ,  and  APERZ.    These  are  the  only  health  measures  for  which 
statistically  significant  gross  income  differences  are  observed  in  our  sam- 
ple.   The  third  column  of  Table  IX  shows  the  gross  differences  in  these 
measures  between  children  in  families  with  annual  income  under  $5,000  and 
those  in  families  with  annual  income  of  $5,000  or  more.    A  $5,000  family  in- 
come cutoff  is  selected  because  it  identifies  the  lowest  qua r tile  of  the  in- 
come distribution.    The  gross  differences  in  column  (3)  are  to  be  compared 
to  health  differences  that  are  allocated  to  income  when  all  other  exogenous 
explanatory  variables  in  our  basic  equations  are  held  constant  [column  (4)). 
The  "net"  income  effects  are  less  than  one-half  (and  in  some  cases,  one- 
quarter)  of  the  observed  gross  income  differences  for  these  five  health  mea- 
sures.   The  difference  between  net  and  gross  income  effects  becomes  even 
.\argex  when  the  set  of  endogenous  variables  is  also  held  constant  [column 
(5)].    The  conclusion  to  be  drawn  is  clear:    gross  income  differences  in 
health  greatly  overstate  the  true  relationship  between  family  income  and 
health. 

If  the  reported  gross  income  differences  are  not  primarily  a  result  of 
differences  in  income,  what  does  account  for  them?    To  answer  this  question 
we  calculate  how  much  of  the  gross  high-low  income  differences  in  the  above 
five  health  variables  can  be  attributed  to  specific  explanatory  variables 
or  sets  of  these  variables.    The  procedure  is  simply  to  multiply  the  co- 
efficients of  these  explanatory  variables  by  the  differences  in  their  mean 
values  in  the  high  and  low  family  income  samples  of  children.    The  resulting 


TABLE  XX 

Income  Differences  in  Selected  Current  Health  Measures 


Variable 


Mean, 
Family 

Income 
>  $5,000 


Mean, 
Family 
Income 
<  $5,000 


Gross 
Difference 


Net  Difference 

Equation  Equation 
(1)  (2) 


PFG HEALTH  .394 


I HEIGHT 


IWEIGHT 


APERI 


ALLEG 


.099 


.106 


-.097 


,176 


.589 
-.181 
-.114 
.117 
.108 


-.195 
.280 
.220 

-.214 
.068 


-.079 


,079 


,091 


-.077 


,016 


-.072 


.053 


.066 


-.071 


.008 


Gross  difference  equals  column  (1)  minus  column  (2) .    As  shown  in 
Table  X,  the  gross  differences  vary  little  from  differences  that  are 
predicted  on  the  basis  of  a  regression  of  the  health  variables  on  all 
the  independent  variables. 

b 

Net  difference  is  the  difference  in  mean  health  levels  between  the 
two  income  classes  predicted  on  the  basis  of  the  income  coefficients  in 
Table  V.     LESS 20,  LIGHTl,   LIGHT2,  CABN,  MWORKPT,  MWORKFT,  LMAG,  HMAG, 
DENT12  and  DENT I ST 3  are  excluded  for  equation  (1)  and  included  for  equa- 
tion (2). 


estimates  (in  Table  X)  illustrate  how  much  of  the  gross  difference  would  dis- 
appear if  the  low  income  class  is  given  the  sane  Dean  values  of  the  inde- 
pendent variables  as  the  high  income  class  and  if  the  relationship  between 
health  and  the  explanatory  variables  is  the  same  in  both  income  classes. 
They  also  identify  which  explanatory  variables  are  responsible  for  the 
sizable  gap  between  the  gross  and  the  net  income  effects  in  Table  IX. 

Several  results  in  Table  X  are  noteworthy.    First,  almost  all  of  the 
observed  differences  in  the  five  health  measures  between  the  high  and  low 
income  subsamples  can  be  accounted  for  by  differences  in  the  independent 
variables  that  we  have  included  in  our  empirical  work  [either  equation  (1) 
or  (2)1.    Second,  a  detailed  examination  of  the  decomposition  that  uses  only 
the  exogenous  variables  [equation  (1)1  indicates  that  differences  in  parents' 
schooling  account  for  a  large  portion  of  observed  gross  income  differences 
in  health.    Indeed,  for  three  of  the  five  variables — APERI,  I HEIGHT,  and 
I WEIGHT — differences  in  parents'  average  schooling  between  high  and  low  in- 
come families  account  for  a  larger  portion  of  the  health  differences  than 
•io  differences  in  income.    Parents'  schooling  remains  as  an  important  ex- 
planatory factor  even  when  the  set  of  endogenous  variables  is  entered  in  the 
equation.    In  the  latter  case,  however,  dental  care  and,  to  a  lesser  extent, 
family  size  also  make  substantial  contributions  to  the  gross  income  differ- 
ences in  health. 


VI.    Sumr.ary  and  Implications 

In  this  study  multivariate  techniques  have  been  employed  to  examine  the 
determinants  of  eleven  components  of  health  in  a  national  sample  of  white  chil- 
dren between  the  ages  of  six  and  eleven.    The  most  important  empirical  re- 
sults and  their  policy  implications  are  highlighted  below. 

The  partial  effects  of  family  income  on  health  are  small  and  seldom 
statistically  significant.     Indeed,  some  health  problems — high  blood  pres- 
sure, allergies,  and  tension — are  more  likely  to  occur  among  children  from 
high  income  families.    This  phenomenon  can  be  viewed  as  the  early  fore- 
runner of  the  positive  relationship  between  income  and  morbidity  and  mortal- 
ity rates  observed  for  adults  in  the  United  States  [for  example,  Auster,  at 
al.  1969  and  Grossman  1972  and  1975J.    The  neneral  findino  of  small  oartial 
income  effects  is  supported  by  analysis  of  gross  health  differences  between 
children  from  lower  (under  $5,000  per  annum)  and  higher  ($5,000  per  annum  and 
over)  income  families.     In  those  cases  where  significant  gross  health  differ- 
ences do  exist  between  children  from  these  two  income  classes,  decomposition 
of  these  gross  differences  shows  them  to  be  attributable  in  large  part  to 
exogenous  factors  other  than  income  itself. 

In  contrast  to  family  income,  parents'  schooling  is  an  important  deter- 
minant of  children's  health.     In  most  instances  children  of  well  educated 
parents  are  in  better  health  than  those  of  less  well  educated  parents.  In 
fact,  for  four  of  the  five  health  measures  that  have  a  significant  gross 
correlation  with  income,  much  of  this  observed  income  difference  is  accounted 
for  by  associated  differences  in  parents'  schooling.    This  would  suggest  that 
policies  to  raise  parents'  schooling  would  not  only  benefit  their  children's 
health,  but  would  also  reduce  differences  in  health  between  children  from 
low  and  high  income  families. 


The  other  exogenous  family  characteristics  studied— the  absence  of  m 
father  in  the  hone  and  the  use  of  a  foreign  language  in  the  home — have  At 
best  small  impacts  on  children's  health.    A  similar  conclusion  is  to  be 
drawn  regarding  the  child's  exogenous  endowments — his  sex,  twin  status, 
and  whether  he  is  a  first-born— with  the  exception  of  the  latter.  First 
born  children  do  have  some  health  advantages,  but  they  also  rate  more 
poorly  than  other  children  when  health  factors  related  to  the  new  morbid- 
ity (allergies  and  tension)  are  examined. 

The  final  type  of  exogenous  variables  studied  describe  the  region  and 
urban-rural  characteristics  of  the  child's  residence.    Our  major  finding 
with  respect  to  these  variables  is  that  locational  factors  play  an  impor- 
tant, but  largely  unexplained,  role  in  determining  children'!  health 
levels.    This  finding  emphasizes  the  need  for  additional  research  investi- 
gating the  source  of  these  striking  locational  effects  on  children's  health. 

Among  the  various  endogenous  variables  studied,  our  most  interesting 
results  are  for  the  variables  representing  mother's  labor  force  status, 
family  size,  and  the  frequency  with  which  the  child  received  dental  care. 
The  mother's  labor  force  status  and  family  size  variables  are  interesting 
primarily  because  of  their  lack  of  importance.    That  is,  both  of  these  fac- 
tors have  small  health  effects    and  are  strongly  related  only  to  the  health 
variables  representing  the  child's  nutritional  status  (height,  weight,  and 
the  periodontal  index).    Children  whose  mothers  are  in  the  labor  force  or 
who  come  from  larger  families  are  likely  to  score  more  poorly  with  respect 
to  these  nutritional  measures.     In  contrast  with  the  roles  of  mother's  labor 
force  status  and  family  sire,  the  dental  care  variables  have  large  and  sig- 
nificant impacts  for  most  of  the  health  measures.     Interpretation  of  this 
finding  is  not  altogether  clear-cut,  however,  since  the  dental  care 


variables  proxy  not  only  the  price  and  availability  of  medical  care,  but  also 
family  attitudes  towards  preventive  health  care  and  towards  health  in  general. 

The  implications  of  our  findings  are  at  the  same  time  both  heartening 
and- disheartening.     For  example,  the  finding  that  differences  in  health  re- 
lated solely  to  income  are  smaller  than  commonly  believed  implies  that 
policies  that  aim  to  improve  the  well-being  of  children  via  income  transfers, 
such  as  those  advocated  by  the  recent  Carnegie  Council  on  Children  [Keniston 
1977]  would  have,  at  best,  very  snail  effects  on  health.    A  related  implica- 
tion pertains  to  proposals  by  Newberger,  et  al.  1976,  Keniston  1977,  and 
Marmor  1977  to  restrict  national  health  insurance  to  rather  complete  pre- 
natal and  pediatric  care  coverage  to  offset  variations  in  health  associated 
with  income.    Again,  our  results  indicate  that  there  is  not  much  to  offset, 
even  though  pediatric  care  utilization  is  very  sensitive  to  family  income 
[Colle  and  Grossman  1978],     At  the  same  time,  however,  our  findings  regard- 
ing the  important  role  of  the  dental  care  variables  suggest  that  policies 
directed  at  either  improving  the  availability  of  medical  care  or  altering 
public  attitudes  towards  preventive  care  could  have  large  health  payoffs 
for  children  in  all  types  of  families. 

Other  favorable  implications  of  our  findings  relate  to  three  recent 
striking  trends  in  the  demography  of  U.S.  families.     These  trends  are  the 
increase  in  the  proportion  of  families  headed  by  women,  the  increase  in 
the  labor  force  participation  rate  of  married  women  with  children,  and  the 


reduction  in  family  sire.    We  find  that  the  absence  of  a  father  in  the  house- 
hold has  little  impact  on  children's  health.    Therefore,  while  the  recent 
rise  In  the  divorce  rate  night  affect  certain  dimensions  of  children's  well- 
being,  health  does  not  appear  to  be  one  of  them.    The  same  comment  applies 
to  the  increase  in  labor  force  participation  rates  of  married  women  with  the 
exception  that  with  respect  to  our  two  best  measures  of  long-run  nutritional 
status — height  and  the  periodontal  index — children  rate  more  poorly  if  the 
mother  works.     Since,  however,  height  is  negatively  related  to  family  size, 
the  detrimental  impacts  of  increases  in  labor  force  participation  rates  are 
offset  to  some  extent  by  the  beneficial  impacts  of  reductions  in  family  size. 

The  implications  of  our  results  regarding  parents'  schooling  may  ap- 
pear to  be  clear-cut  at  face  value  since  parents'  schooling  plays  such  an 
important  role  in  determining  children's  health.    Caution  and  more  research 
are  required,  however,  before  actually  applying  them  to  schooling  policies. 
First,  the  differences  in  years  of  parents'  schooling  between  the  high  and 
low  income  samples  are  very  large  (three  years  both  for  mothers  and  fathers), 
and  these  would  probably  be  extremely  costly  to  eliminate.    But  more  impor- 
tant, the  mechanisms  by  which  parents'  schooling  affects  children's  health 
still  are  not  well  known.    Consider,  for  example,  the  finding  that  parents' 
schooling  is  an  important  determinant  of  children's  height.    This  result  has 
a  very  definite  policy  implication  if  the  mechanism  at  work  is  a  positive 
correlation  between  schooling  and  nutritional  intakes  or  between  schooling 
and  the  knowledge  of  what  constitutes  an  appropriate  diet.    The  policy  im- 
plication is  much  less  clear-cut  if  the  mechanism  at  work  is  a  positive 
relationship  between  parents'  schooling  and  genetic  inheritance  that  is  not 
fully  captured  by  the  exogenous  endowment  and  early  health  variables  in  the 


regressions.    Clearly,  more  research  on  the  exact  role  of  parents*  schooling 

is  needed. 

The  diverse  findings  in  this  studv  underscore  the  multidimensional  na-  ■ 
ture  of  children's  health.    In  fact,  our  results  illustrate  how  the  use  of 
a  single  index  could  be  misleading  since  the  various  family  characteristics 
can  have  positive  impacts  on  some  components  of  good  health  and  negative 
impacts  on  others.    For  example,  an  important  distinction  is  found  between 
the  relationship  of  parents  income  and  education  with  the  more  traditional 
health  measures  (height,  the  periodontal  index)  as  compared  to  measures  of 
the  "new  morbidity"   (the  presence  of  allergies  and  tension) .    These  two 
family  characteristics  have  positive  impacts  on  the  traditional  measures  but 
negative  impacts  on  measures  of  the  new  morbidity.    One  can  speculate  that 
the  likely  upward  trend  in  the  new  morbidity  will  lead  to  more  utilization 
of  physicians'  services  for  problems  that  are  in  many  cases  not  amenable  to 
treatment  by  physicians,  suggesting  that  some  modification  in  the  training 
received  by  pediatricians  and  in  the  delivery  of  pediatric  care  services 
would  be  desirable. 

Finally,  although  we  do  not  altogether  resist  speculating  about  the 
implications  of  our  empirical  findings,  we  fully  understand  that  this 
study  falls  squarely  within  the  sphere  of  traditional  epidemiological  re- 
search.   We  document  the  statistical  relationships  between  family  charac- 
teristics and  measures  of  children's  health  in  detail,  but  even  though  we 
outline  the  possible  role  of  economic  factors,  we  cannot  determine  the 
exact  nature  of  the  mechanisms  that  generate  these  relationships.     Nor  was 
it  possible  to  establish  the  causal  nature  of  these  relationships  in  a 
definitive  sense.    One  important  and  unambiguous  conclusion  of  our  study, 
however,  is  that  the  present  tendency  to  base  government  child  health 


programs  on  sinplistic  notions  that  income  is  the  primary  source  of  differ- 
ences in  children's  health  will  not  lead  towards  fruitful  or  successful  pub- 
lic policy  regarding  children's  health. 


FOOTNOTES 


This  chanqe  in  emphasis  is  partially  the  result  of  the  Coleman 
Report  and  subsequent  research ,  which  showed  that  the  effect  of  school 
quality  on  children's  achievement  may  be  small  relative  to  the  effects 
of  family  characteristics.    Averch,  et  al.  (1972)  provide  an  excellent 
review  of  this  literature. 

2 

Most  states  require  children  to  receive  certain  immunizations 
before  they  may  begin  attending  school.    An  exception  to  the  text 
statement  is  Connecticut,  which  requires  school  children  to  have 
physical  examinations  every  three  years  [Foltz  and  Brown  1975]. 

3This  definition  of  the  new  morbidity  is  quoted  from  Haggerty, 
et  al.  1975,  n.  316. 
4 

This  point  is  made  by  Starfield  (1977)  who  emphasises  that  al- 
though many  persons  have  studied  the  effects  of  medical  care  and  socio- 
economic characteristics  on  infant  mortality,  relatively  few  have  ex- 
amined the  effects  of  these  variables  on  the  health  of  children  who 
survive  the  first  year  of  life.    For  a  few  recent  exceptions,  see 
Kaplan,  et  al.   (1972)?  Hu  (1973);  Kessner  (1974) f  Haggerty,  et  al. 
(1975);  and  Inman  (1976). 

5This  evidence  comes  from  Cycles  II  and  III  of  the  Health  Examina- 
tion Survey  and  is  reported  in  NCHS  (1973),  pp.  22-26. 


A  full  description  of  the  sample,  the  sampling  technique,  and 
the  data  collection  is  presented  in  NCHS  (1967) .    The  one  deficiency 
of  this  sample  fron  the  point  of  view  of  studvinp  children's  health 
is  the  exclusion  of  children  in  institutions.    To  the  extent  that 
these  children  are  more  likely  to  have  serious  and  disabling  physical 
conditions,  the  reported  incidence  of  certain  conditions  will  be  lower 
in  our  sample  than  in  the  entire  population  of  children.    In  addition, 
if  the  probability  of  the  institutionalization  of  a  child  with  a  given 
condition  depends  on  the  various  family  characteristics  studied  here, 
our  results  will  incorporate  unknown  biases.    The  number  of  institu- 
tionalized children  is  small,  however,  at  about  four  tenths  of  a  per- 
cent of  all  children  aqed  5  through  13  years.     [This  is  the  propor- 
tion of  5-13  year-olds  livinq  in  "group  quarters"  in  1970  according 
to  the  U.S.  Bureau  of  the  Census  (1973),  Tables  52  and  205.  The 
corresponding  percentages  by  race  are  .38  percent  of  whites  and  .7 
percent  for  blacks.] 

7Introducino  uncertainty  about  the  number  and  quality  of  children 
complicates  the  model,  but  many  of  the  basic  insights  provided  by  the 
notion  of  both  a  quantity  and  quality  dimension  of  children  remain  valid. 
Ben-Porath  and  Welch  (1976)  illustrate  how  uncertainty  regarding  one 
aspect  of  ouality — the  child's  sex — affects  fertility 

B 

Recent  medical  advances  allow  some  types  of  poor  genetic  endow- 
ments to  be  detected  inter  utero  and  defective  fetuses  aborted,  so  that 
parents  can  now  partially  control  their  children's  genetic  endowments. 


See  Willis  (1973)  and  Becker  and  Levis  (1973)  for  a  full  development  of 

these  points. 

*°Associated  with  this  output  demand  function  are  input  demand  func- 
tions for  parents'  time,  medical  care,  and  other  market  health  inputs. 
These  input  demand  functions  will  not  be  studied  here. 

^Presumably ,  parents'  education  raises  efficiency  in  the  production  of 
many  household  commodities .    Therefore,  there  is  an  "own  price  effect"  due 
to  an  improvement  in  the  efficiency  of  producing  children's  health  and  a 
"cross  price  effect"  due  to  an  improvement  in  the  efficiency  of  producing 
other  commodities.     The  statement  in  the  text  with  respect  to  the  impact  of 
parents'  education  on  children's  health  assumes  that  the  "own  price  effect" 
outweighs  the  "cross  price  effect"  if  the  two  effects  go  in  opposite  direc- 
tions. 

12The  model  outlined  above  is  not  directed  at  explaining  variations  in 
a  child's  health  during  his  childhood,  but  rather  treats  child  health  as  a 
single  datum — his  permanent  health  measured,  say,  at  the  end  of  his  child- 
hood or  as  an  average  over  his  childhood.     If  one  wanted  to  investigate 
changes  in  health  during  childhood,  one  would  want  to  develop  a  model  which 
explicitly  examines  how  patterns  of  health  and  health  investments  over  child- 
hood are  determined  by  life  cycle  variations  in  both  the  prices  of  health 
inputs  and  the  marginal  products  of  health  investments. 

13Edwards  and  Grossman  (1977  and  1979)  use  this  model  to  study  children's 
health  and  intellectual  development,  Leibowitz  and  Friedman  (1979)  use  it  to 
study  health  inputs,  Tomes  (1978)  uces  it  to  examine  years  of  schooling  attained, 
and  Ishikawa  (1975)  uses  it  to  explain  intergenerational  transfers  of  education 


and  financial  wealth.  Both  Ishi*swa  (1975)  and  Leibowit*  and  Friedman  (1979) 
treat  family  size  as  exogenous. 

14See,  for  example  Sullivan  (1966),  Berg  (1973),  and,  more  recently. 
Ware  (1976). 

15See  Grossman  (1972) ,  p.  58.    This  definition  is  also  very  similar  to 
that  proposed  in  Torrance  (1976) . 

16 

A  good  discussion  of  the  subsidiary  issue  of  how  one  measures  dis- 
ability in  children  can  be  found  in  Schack  and  Starfield  (1973) . 

170f  course,  there  is  a  positive  relationship  between  the  two  in  the 
sense  that  a  child  with  low  health  capital  is  more  likely  to  contract  some 
acute  conditions  and  to  have  them  for  a  more  extended  time  period.  For 
•xample.  Birch  and  Gussow  (1970)  discuss  how  nutrition  (which  is  clearly  a 
determinant  of  "permanent"  health  status)  and  disease  are  intimately  re- 
lated. 

18 

The  earlier  theoretical  discussion  pertains  to  children's  permanent 
health  status  measured  at  the  end  of  their  childhood,  while  health  measures 
in  the  Cycle  II  data  are  for  6  to  11  year-old  children.    Our  analysis  im- 
plicitly assumes  that  health  in  mid-childhood  is  a  good  proxy  for  the  health 
stocks  at  the  end  of  childhood. 

In  earlier  work  some  attempts  were  made  to  condense  the  health  infor- 
mation using  principal  component  analysis.    The  analysis  yielded  almost  as 
many  equally  weighted  components  as  there  were  initial  health  measures. 


The  studies  we  consulted  are:    Wallace  (1962),  Mechanic  (1964);  Mindlin 
and  Lobach  (1971),  Talbot,  et  al.  (1971) ,  Kaplan,  et  al.  (1972),  Ru  (1973), 
Schack  and  Starfield  (1973),  Kessner  (1974),  Haqgerty,  at  al.  (1975),  and  Inman  (1976) 

21The  following  physicians  gave  us  extremely  helpful  advice.  John 
McNamara,  M.D.,  then  Assistant  Professor  of  Public  Health  and  Pediatrics 
at  Columbia  University  School  of  Public  Health  and  Associate  Commissioner 
in  the  New  York  City  Department  of  Health,  Roy  Brown,  M.D. ,  Associate 
Professor  of  Community  Medicine  and  Pediatrics  at  the  Mount  Sinai  School  of 
Medicine  of  the  City  University  of  New  York,  Thomas  Travers,  D.D.S., 
Director  of  Ambulatory  Care  in  the  New  York  City  Department  of  Health,  and 
Ruth  T.  Gross,  Professor  of  Pediatrics  and  Director  of  Ambulatory  Pediat- 
rics, Stanford  University  Medical  Center,  Stanford,  California. 
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If  the  actual  height  or  weight  of  each  age-sex  group  is  normally  dis- 
tributed, I HEIGHT  and  IWEIGHT  could  be  translated  directly  into  the  child's 
height  or  weight  percentile.    In  addition  to  the  continuous  height  and  weight 
measures,  we  also  experimented  with  discrete  measures  identifying  children 
who  are  more  than  two  standard  deviations  from  the  mean  height  or  weight  for 
their  age-sex  cohort.    These  measures  were  used  to  allow  for  non-continuous 
relationships  between  height  (or  weight)  and  family  characteristics.  For 
example,  beyond  some  weight  level,  problems  with  obesity  start  to  develop, 
so  that  more  weight  is  no  longer  better  than  less  weight.     Results  using 
these  discrete  measures  did  not  differ  greatly  from  those  based  on  using 
I HEIGHT  and  IWEIGHT,  so  we  do  not  report  them  here. 

230ne  might  argue  that  corrected  rather  than  uncorrected  vision  is  the 
appropriate  measure  to  use  here.    Unfortunately,  information  about  corrected 


vision  is  not  available  in  the  Cycle  II  data.    Information  about  whether  or 
not  the  child  wears  glasses  is  available,  but  it  is  not  clear  that  the 
glasses  he  wears  actually  correct  his  vision  defect.    Ressner  (1974),  for  ex- 
ample, finds  that  40  percent  of  children  in  a  low  income  sample  who  were 
tested  with  their  glasses  failed  a  visual  acuity  test. 

24 

In  defining  ACA3N,  we  exclude  abnormalities  resulting  from  accidents 
or  injuries  because  these  are  likely  to  reflect  transitory  rather  than  per- 
manent health  variations. 

25 

The  periodontal  index  suffers  from  the  defect  that  it  is  subject  to 
intra-rater  and  inter-rater  variability.     He  have  experimented  with  a  some- 
what more  objective  measure  of  oral  health,  the  number  of  decayed  permanent 
and  primary  teeth  adjusted  for  age  and  sex,  and  have  obtained  results  similar 
to  those  for  the  peridontal  index.    Compared  to  the  number  of  decayed  teeth, 
the  periodontal  index  reflects  more  serious  oral  health  problems. 

26 

There  is  no  school  form  for  approximately  500  children  in  the  Cycle  II 
data  set.     Since  excessive  absence  due  to  illness  is  the  only  variable  taken 
from  the  school  form,  children  without  the  school  form  are  eliminated  from 
the  empirical  analysis  only  when  school  absence  is  the  dependent  variable. 

2?A  57,000  cutoff  point  is  used  because  it  is  most  consistent  with 
available  evidence  on  the  distribution  of  inheritances  across  families. 
See  Edwards  and  Grossman  (1977)  for  an  elaboration  of  this  point.    Note  that 
the  family  income  measure  is  an  imperfect  measure  of  long-run  income  and  has 
an  endogenous  component  because  it  does  not  hold  constant  the  father's  experi- 
ence and  the  mother's  labor  force  status.    Therefore,  we  experimented  with  an 
income  measure  that  held  these  two  factors  constant.    The  adjusted  income 


variable  was  very  highly  correlated  with  FINC  (the  correlation  coefficient 
was  greater  than  .99)  and  the  regression  results  were  not  altered  when  ad- 
justed income  was  used  in  place  of  FINC.    Consequently,  we  report  results 
based  on  the  use  of  FINC  in  this  paper. 
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See,  for  example,  Birch  and  Gussow  (1970).    Cvcle  II  does  not  distin- 
guish children  who  are  bom  prematurely,  so  we  cannot  determine  to  what 
extent  low  birth  weight  is  a  result  of  prematurity  or  of  other  factors. 

In  the  future  the  National  Center  for  Health  Statistics  might  pro- 
vide us  with  area-specific  input  availability  and  price  measures.  This 
will  enable  us  to  examine  the  effects  of  medical  care  prices  on  health 
outputs . 

30Information  about  the  time  of  the  child's  last  visit  to  a  doctor  is 
also  available  in  the  data,  but  would  be  greatly  contaminated  by  the  child's 
health  level.    We  refer  to  the  well-known  reverse  causality  between  health 
and  medical  care. 

31In  actuality  even  some  of  the  exogenous  variables  may  not  be  truly 
exogenous.    For  example,  women  who  plan  to  have  large  families  will  be  less 
likely  to  make  large  investments  in  their  own  education.    Or,  families  for 
whom  children's  health  is  an  important  component  of  child  quality  may  choose 
to  live  in  healthier  (non-urban)  areas  of  the  country.    Similarly,  men  who 
have  a  high  preference  for  children  may  choose  less  intensive  jobs — which 
presumably  yield  lower  wages — so  that  they  can  spend  more  time  with  their 
children. 

32In  the  case  of  the  family  size  variable,  for  example,  it  is  very 
difficult  to  identify  exogenous  variables  that  enter  the  family  size 


structural  equation  or  the  children1 •  health  structural  aquation  but  not 

both. 

33Missing  information  for  birth  weight  (818  observations) ,  riAMG  (324 
observations),  and  income  (290  observations)  account  for  most  of  the  missing 
observations.    In  addition,  children  who  turned  twelve  years  old  between  the 
time  the  sample  was  chosen  and  the  time  of  the  Interview  were  also  excluded. 
(There  were  72  such  children  in  the  entire  Cycle  II  sample.) 

34 

Significant  race  differences  were  found  for  the  variables  I HEIGHT, 
IWEIGHT,  PPG HEALTH,  ALLEG,  and  APERI . 

35 See  Nerlove  and  Press  (1973)  for  a  description  of  this  technique. 
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For  the  four  health  measures  for  which  we  find  significant  income 
effects,  we  also  experimented  with  a  specif i cation  for  the  income  variable 
which  allows  for  five  discrete  income  effects  rather  than  two  continuous 
Income  effects.    In  particular,  the  variables  FINC  and  HFINC  were  replaced 
with  four  dummy  variables  which  distinguish  between  five  income  classes: 
le;:5  than  $5,000;  $5,000  to  $6,999,  $7,000  to  $9,999;  $10,000  to  $14,999, 
and  $15,000  and  above.    We  do  not  show  the  results  of  this  specification 
because  it  yields  only  one  additional  insightt    for  the  highest  income 
class  income  never  has  a  significant  marginal  impact  on  health,  while  it 
does  for  one  or  more  of  the  lower  income  classes.    The  coefficient  esti- 
mates for  the  other  explanatory  variables  are  not  sensitive  to  changes  in 
the  specification  of  the  income  variable. 

370ne  might  predict  that  mother's  education  would  be  more  important  in 
explaining  variations  in  children's  health  than  is  father's  education  since 
most  child  care  is  done  by  the  mother.    We  do  not  consistently  observe  this 


in  our  results.    One  reason  might  be  the  high  correlation  between  Bother's 
and  father'!  education  (r  -  .67  in  mother-father  families). 

These  estimates  "maximize"  the  effect  of  not  having  a  father  in  the 
sense  that  they  are  derived  under  the  extreme  assumption  that  father's  edu- 
cation has  the  same  relationship  with  child  health  whether  or  not  the 
father  is  actually  present  (and  that  the  average  educational  attainment  of 
absent  fathers  is  the  same  as  for  fathers  living  with  their  families). 
These  assumptions  are  needed  to  obtain  estimates  of  the  relationship  be- 
tween NOFATB  and  the  various  health  measures  because  there  is  no  informa- 
tion in  our  data  on  the  educational  attainment  of  fathers  who  do  not 
currently  live  with  their  children.    Use  of  the  alternative  extreme  assump- 
tion, that  there  is  no  relationship  between  father's  education  and  child 
health  for  children  whose  fathers  are  absent  from  the  home,  generates 
"minimum"  estimates  of  the  effect  of  having  an  absent  father.    These  "mini- 
mum" estimates  also  indicate  that  NOFATH  has  both  positive  and  negative  re- 
lationships with  better  health,  depending  on  the  health  measure  used: 
significant  positive  health  relationships  with  NOFATH  are  reported  for 
PFG HEALTH,  HDBP,  and  APERI j  and  a  significant  negative  relationship  is  re- 
ported for  SCHABS. 
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This  lack  of  significance  is  especially  notable  because  the  endoge- 
nous nature  of  the  mother's  work  status  variables  biases  their  coefficients 
towards  having  a  larger  negative  relationship  with  child  health  than  they 
would  have  simply  as  measures  of  the  mother's  opportunity  cost  of  time. 
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Chapter  3 

INCOME  AND  RACE  DIFFERENCES  IN  CHILDREN'S  HEALTH 


I.  Introduction 

Recent  studies  of  children's  health  in  the  United  states  have  stressed 
the  differences  between  black  and  white  children  and  between  children  in 
high  and  low  income  families.    Newberger,  Newberger,  and  Richmond  (1976), 
for  example,  cited  mortality  rates  for  both  infants  and  older  children  that 
are  over  50  percent  higher  for  blacks  than  for  whites  (pp.  252-53).  They 
also  point  out  that  the  incidence  of  low  birth  weight  (a  good  negative  in- 
dicator of  whether  an  infant  will  survive  his  first  year  and  of  his  success- 
ful future  development)  is  more  prevalent  among  black  and  poor  families. 
Similar  statistics  are  cited  by  Keniston  (1977)  and  the  National  Research 
Council  (1976). 

The  income  and  race  comparisons  in  children's  health  status  cited 
above,  as  well  as  those  cited  elsewhere,  rely  primarily  on  measures  that 
relate  to  the  first  year  of  the  child's  life.    This  results  largely  from 
the  unavailability  of  comprehensive  measures  of  morbidity  for  older  chil- 
dren.   Recent  publication  of  data  from  Cycles  II  and  III  of  the  Health  Ex- 
amination Survey,  however,  makes  it  possible  to  explicitly  study  the  health 
of  older  children.     In  this  study  we  use  data  from  Cycle  II,  which  covers 
children  aged  6  through  11  years,  to  explore  income  and  race  differences  in 
nine  measures  of  children's  health. 

We  report  two  kinds  of  results.    First,  we  show  that  when  a  variety 
of  health  measures  from  mid-childhood  are  the  subject  of  analysis,  both 
income  and  race  differences  are  much  less  pronounced  than  they  are  in  in- 
fant mortality  data.    Second,  these  differences  do  not  uniformly  favor 


children  from  white  or  higher-income  families.    Indeed,  children  from  poor 
fanilies  and  black  families  are  found  to  be  In  better  rather  than  worse 
health  when  measures  that  reflect  the  "new  morbidity"  are  examined.  This 
is  the  phrase  originated  by  Haggerty,  Roghraann,  and  Pless  (1975)  to  de- 
scribe "learning  difficulties  and  school  problems,  behavioral  disturbances, 
allergies,  speech  difficulties,  visual  problems,  and  the  problems  of  ado- 
lescents in  coping  and  adjusting"  (p.  316).    Haggerty  and  his  colleagues 
observe  that  over  this  century  the  traditional  childhood  diseases  have 
been  declining  in  importance  while  health  problems  associated  with  the  new 
morbidity  have  become  more  widespread.    That  is,  the  rising  level  of  family 
income  during  this  century  has  been  accompanied  by  an  increased  prevalence 
of  the  new  morbidity.    This  observation  is  remarkably  parallel  to  our  own 
findings  of  a  positive  association  between  family  income  and  the  incidence 
of  certain  health  problems. 

II.    Measuring  Health  in  the  Cycle  II  Sample 
Cycle  II  of  the  Health  Examination  Survey  is  an  exceptional  source  of 
information  about  a  national  sample  of  7,119  noninstitutionalized  children 
aged  6  to  11  years  in  the  1963-65  period.1    The  data  comprise  complete 
medical  and  developmental  histories  of  each  child  provided  by  the  parent, 
infomation  on  family  socioeconomic  characteristics,  birth  certificate  in- 
formation, and  a  school  report  with  data  on  school  performance  and  class- 
room behavior  provided  by  teachers  or  other  school  officials.    Most  impor- 
tant, there  are  objective  measures  of  health  from  physical  examinations 
administered  by  the  Public  Health  Service.    Together,  the  data  provide  an 
unusually  detailed  picture  of  the  health  of  children  in  this  cohort. 


Given  the  unusual  detail  and  diversity  of  the  health  data  in  the 
Cycle  II  survey,  the  choice  of  health  status  measures  is  not  dictated  by 
data  availability  but  rather  is  an  issue  that  oust  be  faced  directly.  The 
problem  of  defining  and  measuring  children* s  (and  adults')  health  is  very 
much  an  unresolved  one,  even  among  professionals  in  the  area  of  public 
health.2    The  economist •«  approach  is  to  defined  health  as  a  form  of  human 
capital  which  determines  the  amount  of  time  available  for  consumption  and 
for  work  in  the  home  and  labor  market.3    With  this  type  of  definition,  an 
appropriate  measure  of  health  status  over  some  time  period  would  be  the 
proportion  of  potential  time  that  is  actually  available  for  the  usual  con- 
sumption, maintenance,  and  vork  activities.    Similarly,  the  complementary 
measure  of  ill  health  would  be  the  proportion  of  time  lost  as  a  result  of 
imperfect  functioning.    Such  disability  may  be  relatively  easy  to  measure 
when  dealing  with  adults  who  are  members  of  the  labor  force  (a  good  ap- 
proximation is  days  lost  from  work  because  of  illness),  but  it  is  not  easy 
to  measure  for  other  adults  or  for  children.    Therefore,  in  economists' 
studies  of  adults'  health,  both  the  incidence  of  particular  physical  condi- 
tions and  the  individual's  own  assessment  of  his  health  status  have  been 
used  as  supplementary  health  measures  [Grossman  (1975)). 

We  use  the  same  type  of  restricted,  morbidity-oriented,  definition  of 
children's  health,  focusing  on  the  child's  physical  health  rather  than  his 
overall  well-being  and  on  similar  types  of  measures:    disability,  physical 
conditions,  and  parental  assessment  of  health  status.    Even  some  of  these 
measures,  however,  may  not  always  be  appropriate  for  children.    There  is  a 
natural  sequence  of  childhood  diseases  and  acute  conditions  which  prevent 
children  from  carrying  out  their  normal  activities  but  may  not  reflect 
their  health  capital  or  -permanent"  health.    A  useful  distinction  to  make 


here  la  between  "permanent"  health—one's  prospect  for  life  preservation 
and  normal  lifetime  functioning—and  "transitory"  health— short-run 
deviations  from  one's  normal  state  of  health.    It  is  the  child's  "per- 
manent" health  status  that  we  wish  to  study,  and  we  seek  to  use  health 
measures  which  are  good  indicatora  of  that  "permanent"  health  status.* 

In  sone  situations  a  single  overall  index  of  permanent  health  might 
be  desired — to  parsimonisouly  describe  the  health  status  of  s  population, 
for  example,  or  to  allocate  public  funds.    Infant  mortality  statistics 
are  frequently  used  in  this  way.    Health,  however,  is  clearly  a  multi- 
dimensional concept.    Consequently  we  use  a  set  of  health  measures  rather 
than  a  single  index.    Analysis  of  a  set  of  component  measures  also  avoids 
the  essentially  arbitrary  weighting  of  the  various  dimensions  of  health 
implied  by  a  health  index.5    Pinally,  such  analysis  allows  for  the  pos- 
sibility that  the  various  aspects  of  children's  health  are  differentially 
related  to  family  income  and  race. 

The  actual  choice  of  components  of  children's  health  status  to  be  ex- 
amined has  been  guided  by  the  child  health  literature,6  as  well  as  by  dis- 
cussions with  public  health  pediatricians.7    The  measures  axe  listed  and 
described  below. 

1.  The  parent's  assessment  of  the  child's  overall  current  health, 
represented  by  FFG HEALTH.    PFGHEALTH  is  a  dichotorous  variable  indicating 
whether  the  parent  views  the  child's  health  as  poor,  fair,  or  good  (as 
opposed  to  very  good). 

2.  Current  height,  represented  by  1 HEIGHT.    Height  is  a  standard 
indicator  of  children's  nutritional  status  [for  example.  National  Center 
for  Health  Statistics  (1970)  and  (1975) |  Seoane  and  Latham  (1971)],  and 
good  nutrition  is  an  obvious  and  natural  vehicle  for  maintaining 


children's  health.    Since  it  is  well  known  that  physical  growth  rates  dif- 
fer by  age  and  sex,  IHEIGHT  is  computed  as  the  difference  between  the 
child's  actual  height  and  the  mean  height  for  his  or  her  age-sex  group 
divided  by  the  standard  deviation  of  height  for  that  age-sex  group.8 

3.  The  child's  visual  acuity,  represented  by  the  dichotomous  vari- 
able ABVIS.    ABVIS  indicates  if  the  child  has  abnormal  distance  vision. 
All  children  were  examined  without  their  eyeglassesi  their  uncorrected 
binocular  distance  vision  is  defined  as  abnormal  if  it  worse  than  20/30 
INCHS   (1972) J. 

4.  The  child's  blood  pressure,  represented  by  HDBP.    HDBP  is  a 
dirumy  variable  which  indicates  if  the  child's  diastolic  blood  pressure 
exceeds  the  95th  percentile  for  his  or  her  age  and  sex. 

5.  Whether  or  not  the  child  has  hay fever  or  other  allergies,  repre- 
sented by  the  dummy  variable  ALLEG. 

6.  An  assessment  of  the  child's  level  of  tension,  represented  by  the 
dummy  variable  TENS.    TENS  characterizes  children  who  axe  rated  by  their 
parents  as  -high  strung"  or  "moderately  tense."    Both  the  tension  and  al- 
lergy variables  may  be  regarded  as  measures  of  the  "new  morbidity. " 

7.  The  presence  of  one  or  more  "significant  acquired  abnormalities" 
on  physical  examination  of  the  child,  represented  by  the  dummy  variable 
ACABN.    These  abnormalities  include  heart  disease)  neurological,  muscular, 
or  joint  conditions;  and  other  major  diseases.9 

8.  The  child's  periodontal  index,  represented  by  APERI.    APERI  is  a 
good  overall  indicator  of  oral  health  as  well  as  a  correlate  of  nutrition 
[Russell  (1956)).    Since  the  periodontal  index  is  known  to  differ  aystea- 
atically  by  age  and  sex,  APERI  is  standardized  by  age  and  sex  in  the 

same  manner  as  is  height.    Higher  values  of  APERI  denote  poorer  values  of 
oral  health.10 


9.  Excessive  absence  from  school  for  health  reasons  during  the  past 
six  ponths,  represented  by  the  dichotomous  variable  SCHABS.  This  variable 
is  taken  from  Information  provided  by  the  child's  school.11 

Precise  definitions  of  the  above  health  treasures  appear  in  Table  1 
along  with  a  notation  concerning  the  source  of  each  variable  (medical 
history,  physician's  exa.*n,  birth  certificate,  or  school  form).    As  is  im- 
plied in  the  above  definitions,  I  HEIGHT  is  a  positive  correlate  of  good 
health  and  PPG HEALTH,  ABVIS,  HDBP,  ALLEG,  TENS,  ACABN,  APERI,  and  SCHABS 
are  negative  correlates  of  good  health. 

III.     Race  and  Income  Differences  in  Health 

Status  in  the  Cycle  II  Sample 

Table  2  presents  the  mean  levels  of  these  nine  health  measures  for 

12 

the  whole  sample  as  well  as  by  family  income  and  by  race.       The  two  fam- 
ily income  classes  are  under  $5,000  per  annum  and  $5,000  or  more  per  annum. 
This  income  cutoff  is  selected  because  it  identifies  the  lowest  quartile 
of  the  income  distribution  for  the  Cycle  II  sample.    For  purposes  of  com- 
parison, Table  2  also  includes  statistics  on  infant  mortality  and  the  in- 
cidence of  low  birth  weight  for  corresponding  income  and  race  classes. 
Comparable  data  for  childhood  mortality  are  not  included  because  they  do 
not  exist. 

Health  differences  by  race  are  significant  (at  the  5  percent  level 
in  a  two-tailed  test)  for  three  of  the  nine  measures:    PFGHEALTH,  ALLEG, 
and  TENS.    Black  children  are  in  worse  health  than  white  children  accord- 
ing to  their  parents'  assessment  of  their  overall  current  health  (also 
according  to  HDBP  and  ACABN,  although  for  these  two  the  race  differences 
are  not  statistically  significant).    Black  children  are  in  better  health, 
however,  in  that  they  exhibit  a  lower  incidence  of  allergies  and  tension 


TABLE  1 

Definitions  of  Health  Measures 


Variable 

Nane  Definition  Source* 


PFGHEALTH 


I HEIGHT 


ABVIS 


HDBP 


ALLEG 


TENS 


ACABN 


APERI 


SCHABS 


Dummy  variable  that  equals  one  if  parental 
assessment  of  child'*  health  is  poor,  fair, 
or  good  and  zero  if  assessment  is  very  good 

Height,  standardized  by  the  mean  and  stand- 
ard deviation  of  one-year  age-sex  cohorts 

Dummy  variable  that  equalB  one  if  uncorrected 
binocular  distance  vision  is  abnormal 

Dummy  variable  that  equals  one  if  the  child's 
diastolic  blood  pressure  is  above  the  95th 
percentile  for  his  age  and  sex 

Dummy  variable  that  equals  one  if  the  child 
has  had  hayfever  or  any  other  kind  of 
allergy 

Dummy  variable  that  equals  one  if  the  parent 
rates  the  child  as  high  strung  or  moderately 
tense 

Dummy  variable  that  equals  one  if  the  physi- 
cian finds  a  "significant"  acquired  abnormal- 
ity in  examining  the  child  (other  than  an 
abnormality  resulting  from  an  accident  or 
inj ury) 

Peridontal  index,  standardized  by  the  mean 
and  standard  deviation  of  one-year  age-sex 

cohorts 

Dummy  variable  that  equals  one  if  child  has 
been  excessively  absent  from  school  for 
health  reasons  during  the  past  six  months 


The  sources  are  1  -  medical  history  form    completed  by  parent, 
2  -  birth  certificate,  3  -  physical  examination,  4  -  school  form  com- 
pleted by  teacher  or  other  school  official. 
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Footnotes  to  TABLE  2 


For  description  of  working  sample,  see  footnote  12. 

bThe  critical  value  for  "z"  at  the  5  percent  level  of  signifi- 
cance in  a  two-tailed  test  is  1.96. 

The  mean  of  this  variable  is  not  zero  because  standardization 
was  done  using  the  means  and  standard  deviations  for  the  entire 
Cycle  II  sanple  rather  than  for  our  working  subsample. 

^eans  serived  from  subsample  of  working  sample  for  which  a 
school  report  was  available  (n  «  4333  rather  than  4777). 

*Deaths  per  1,000  live  legitimate  births.    Source:  Infant 
Mortality  Rates t  Socioeconomic  Factors,  N.C.H.S.  Series  22,  No.  14, 
Table  3,  p.  14,  U.S.  1964-66. 


(favorable  differences  are  also  apparent  for  Z HEIGHT,  ABVIS,  APERI,  and 
SCHASS,  although  these  are  not  statistically  significant).    Race  compari- 
sons of  children's  health  based  on  these  nine  measures,  therefore,  clearly 
yield  a  much  less  uniform  impression  than  is  drawn  from  inspection  of  data 
on  infant  mortality  and  low  birth  weight.    Rather  than  exhibiting  the 
dramatically  large  health  deficits  of  black  infants,  older  black  children 
are  in  some  ways  worse  off  but  also  in  some  ways  better  off  than  their 
white  counterparts. 

This  difference  between  the  relative  health  profile  of  blacks  in 
infancy  and  in  midchildhood  is  not  simply  a  result  of  differences  in 
data  sources  or  differences  between  sample  data  and  population  data. 
Available  data  on  the  Cycle  II  children  during  their  infancy  (birth 
weight,  the  incidence  of  congenital  abnormalities,  and  the  parents' 
retrospective  assessment  of  the  infant's  health)  indicates  that  the 
black  children  had  significantly  poorer  health  in  infancy.    The  differ- 
ence in  relative  profiles,  however,  is  in  part  a  result  of  the  differ- 
ence in  types  of  measures  studied.    Our  measures  pertain  to  specific 
health  characteristics  rather  than  to  mortality.    When  mortality  data 
for  5  to  14  year-old  children    in  a  corresponding  year  (1964)  are  ex- 
amined, they  do  show  that  blacks  have  higher  death  rates.  Childhood 
mortality  is  about  47  percent  higher  for  blacks  (although  this  ratio 
reduces  to  37  percent  when  accidents,  suicides  and  homocides  are  ex- 
cluded).13   Even  so,  this  ratio  is  much  smaller  than  the  corresponding 
difference  in  infant  nortality.    Thus,  in  the  midchildhood  years, 
black -white  health  differences — no  matter  how  they  are  measured— are 
greatly  attenuated  as  compared  to  such  differences  in  infancy. 


Significant  Income  differences  are  found  for  six  of  the  nine  health 
measures.    As  in  the  case  of  race  differences ,  the  nature  of  these  differ- 
ences is  not  uniform.    Children  from  higher  income  families  have  signifi- 
cantly better  health  as  measured  by  PFGHEALTH,  1 HEIGHT,  and  APERI  (also 
HDBP,  ACABN,  and  SCHABS  although  for  these  three  the  income  differences 
are  not  significant).    On  the  other  hand,  they  have  significantly  poorer 
health  as  measured  by  ABVTS,  ALLEG,  and  TENS.**    Again,  the  overall  im- 
pression conveyed  by  these  data  is  less  clear-cut  than  that  obtained  from 
examining  income  differences  in  infant  mortality  and  birth  weight:  in 
sone  cases  children  from  low  income  families  do  have  poorer  health  than 
those  from  higher  income  families,  but  with  respect  to  measures  that  re- 
flect the  "new  morbidity"  it  is  the  children  from  low  income  families  who 
appear  to  be  in  better  health.*^ 

IV.    £>eco!nposition  of  observed  Race  and  Income  Differences 
He  have  documented  the  fact  that  race  and  income  differences  in  health 
status  in  Cycle  II  sample  children  are  much  less  sharp  than  are  correspond- 
ing differences  in  measures  of  infant  health.    Nevertheless,  some  differ- 
ences still  do  exist.    To  what  extent  are  these  uniquely  associated  with 
income  and  race  and  to  what  extent  can  they  be  attributed  to  correlated 
socioeconomic  factors? 

A.     Race  Differences 

It  is  well  known  that  race  and  income  are  themselves  highly  corre- 
lated.   Thus  it  is  not  surprising  that  the  three  health  measures  display- 
ing significant  race  differences  also  exhibit  significant  income  differ- 
ences (see  Table  2).    An  obvious  first  step,  therefore,  is  to  try  to 
determine  if  these  observed  race  differences  are  really  just  a  result  of 


differences  in  income.    To  do  so  we  obtain  mean  values  for  the  nine  health 
measures  when  the  Cycle  IX  sample  is  cross-classified  by  both  income  and 
race  (Table  3).    Among  low  income  families  a  significant  race  difference 
remains  for  only  one  of  the  three  variables,  tension.    In  addition,  for 
I HEIGHT  and  APERI  the  race  difference  is  now  significant  where  it  was  not 
before.    For  all  three  of  these  measures,  however,  black  children  are 
found  to  be  in  better  health  than  white  children  from  families  of  com- 
parable low  income  levels.    In  high  income  families,  significant  race 
differences  still  exist  for  PFG HEALTH,  ALLEG,  and  TENS,  with  black  chil- 
dren in  worse  health  according  to  PFGHEALTH  and  in  better  health  accord- 
ing to  TENS  and  ALLEG.    Thus,  within  income  classes  significant  health 
differences  still  exist  between  black  and  white  children.    As  before, 
these  differences  do  not  uniformly  favor  children  of  either  race,  but 
most  of  the  significant  differences  show  blacks  to  be  better  off , 

A  further  way  of  investigating  the  nature  of  race  differences  in 
children's  health  is  to  look  at  residual  race  differences  after  a  much 
larger  list  of  socioeconomic  variables  is  held  constant.    This  is  done 
using  multiple  regression  analysis.    The  dependent  variables  in  the 
regression  equations  are  the  nine  health  status  measures.    For  the  ex- 
planatory variables  we  use  a  set  suggested  by  the  economic  model  of 
family  investment  in  children's  health  described  in  Edwards  and  Grossman 
(1978).    Included  are  family  income,  parents'  educational  attainment, 
whether  the  child's  father  lives  with  the  family,  whether  the  child  is  a 
twin  or  is  a  first-bom,  whether  a  foreign  language  is  spoken  in  the 
home,  an  indication  of  the  region  of  residence  and  size  of  city  of  resi- 
dence, and  the  sex  of  the  child  (the  latter  is  included  only  for  health 
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Footnotes  to  TABLE  3 

*  *t 

'    Significant  race  differences  in  means  at  the  10  percent  and  5 
percent  levels  of  significance,  respectively. 

*See  text  for  description. 

^Net  difference  equals  regression  coefficient  of  a  race  dummy  vari- 
able (1  ■  black)  from  a  pooled  regression  of  black  and  white  children  that 
holds  constant  all  other  independent  variables. 

Net  difference  equals  difference  in  intercepts  between  black  and 
white  regressions  with  all  independent  variables  held  constant. 


measures  that  are  not  standardized  by  sex).    These  variables  are  defined 
in  detail  in  Chanter  2. 

Race  differences  in  children's  health  net  of  differences  in  this  set 
of  socioeconomic  variables  are  presented  in  the  last  column  of  Table  3. 17 
In  general,  the  net  differences  are  not  smaller  than  the  gross  differences. 
In  fact,  the  net  differences  are  significant  for  five  rather  than  three  of 
the  nine  variables,  with  blacks  exhibiting  better  health  for  four  of  the 
five.    This  picture  changes  only  slightly  if  we  include  ACABN  for  which 
blacks  exhibit  poorer  health,  but  only  at  the  10  percent  level  of  signifi- 
cance.   In  sua,  when  the  above  set  of  socioeconomic  variables  is  held 
constant,  being  black  is  associated  with  significantly  better  health  for 
children  when  their  health  is  measured  according  to  their  parents'  assess- 
ment, their  height,  their  tension  level,  and  their  periodontal  index,  and 
with  significantly  worse  health  according  to  the  prevalence  of  allergies 
and  possibly,  acquired  abnormalities.    In  addition,  comparison  of  these 
net  differences  with  the  gross  differences  (for  all  incomes  or  within 
income  classes)  reveals  two  changes  in  the  health  rankings  of  black  and 
white  children:     the  parental  assessment  measure  now  favors  blacks  and 
the  allergy  measure  now  favors  whites. 

What  conclusions  do  we  draw  from  the  various  statistics  in  Table  3? 
First,  that  race  differences  in  children's  health  do  not  disappear  when 
income  and  various  other  socioeconomic  variables  are  held  constant,  if 
-iiyihing,  they  increase.    Second,  these  differences  do  not  obviously 
favor  children  of  either  race.    As  to  the  reasons  for  these  differences, 
one  can  speculate  about  the  roles  of  such  factors  as  differential  genetic 
endowments  (in  the  case  of  height  or  the  periodontal  index,  for  example) 
and  differences  in  tastes  or  in  life  styles. 


B.     Income  Differences 

Race  differences  in  children's  health  did  not  disappear  when  various 
socioeconomic  factors  (including  income)  were  held  constant)  does' the  same 
conclusion  hold  for  income-related  differences?    Put  differently,  to  what 
extent  do  the  gross  differences  in  health  status  between  income  classes 
disappear  when  additional  socioeconomic  factors  are  held  constant?  to 
answer  this  question,  we  use  the  sane  type  of  multiple  regression  analy- 
sis described  earlier.    Ke  simplify  the  analysis,  however,  by  restricting 
the  decomposition  of  gross  income  differences  to  the  white  sample  only.18 

Gross  and  net  income  differences  for  the  nine  health  measures  are 

presented  in  Table  4.    The  "net"  income  differences  are  computed  similarly 
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to  the  corresponding  race  differences      and  should  be  interpreted  as  the 
difference  in  mean  health  status  between  the  two  income  classes  if  all  of 
the  socioeconomic  variables  (other  than  income,  of  course)  took  the  same 
values  in  both  classes.    The  number  of  health  status  measures  for  which 
significant  income  differences  exist  is  reduced  from  five  to  three  when 
related  socioeconomic  factors  are  held  constant.     In  all  three  cases  low 
income  is  associated  with  significantly  poorer  health.     (In  the  case  of 
ALLEG,  low  income  is  associated  with  better  health,  but  relationship  is 
significant  only  at  the  10  percent  level.)     In  addition,  the  magnitude 
of  these  differences  is  substantially  reduced,  with  the  net  differences 
being  typically  less  than  half  of  the  gross  differences  (see  last  column 
of  table).    For  example,  on  the  basis  of  the  gross  difference,  about  20 
percent  more  of  the  high  Income    parents  than  of  the  low  income  parents 
assessed  their  childrens'  health  as  very  good.    When  related  socio- 
economic factors  are  held  constant,  this  difference  is  reduced  to  only 
7  percent.    Thus,  although  income  differences  in  health  status  still 


TABLE  4 

Cross  and  Vet  Incorae  Differences  in  the  Health  Status  of  White  Children* 


Ratio  of 

High         Low  Cross  Net  Net  to 

Health  Income      Income         Income    .  Income  Gross  Income 

Measure  Mean         Moan       Difference        Difference0  Difference 


PFG HEALTH 

.394 

.589 

-.195** 

-.072** 

IHEIGHT 

.099 

-.181 

.280** 

.117** 

.42 

*  OX  IT  ^ 

ABVT  S 

.127 

.  091 

.036** 

.020 

.56 

HDBP 

.052 

.056 

-.004 

-.001 

.25 

ALT  .KG 

.176 

.108 

.068** 

.028* 

.41 

TENS 

.484 

.456 

.028* 

-.009 

d 

ACABN 

.036 

.037 

-.001 

-.004 

2.00 

APERI 

-.097 

.117 

-.214** 

-.077** 

.36 

SCHABS 

.043 

.049 

-.006 

-.001 

.17 

*There  are   2,969  white  children  in  the  high-income  ( 

I  $5,000 

P* a.) 

s^:  pie  and 

1,227  white 

children 

in  the  low 

-income  $5 

,000  p. a 

. )  sample. 

bThis  is 

computed  as  the  mean 

in  the  high  income  sample  minus  the 

mean  in  the 

lov-income 

sample. 

°This  is 

the  coefficient  of  a 

durmy  income  variable 

(high-income  chil- 

dren  have  value  of  one)  in  a  multiple  regression  which  includes  variables 
listed  in  text. 

^Kot  computed  because  of  change  in  sign. 


*  *• 


Significant  income  differences  at  the  10  percent  and  5  percent 
levels  of  significance,  respectively. 


do  exist,  their  magnitudes  are  greatly  diminished  when  related  factors  are 
held  constant.    The  main  conclusion  to  be  drawn  Is  clean    gross  income 
differences  in  health  greatly  overstate  the  true  relationship  between 
family  income  and  health. 

Further  insight  about  the  nature  of  gross  income  differentials  in 
health  status  is  obtained  by  studying  the  precise  role  of  the  explana- 
tory socioeconomic  variables.    Table  5  presents  calculations  which  illus- 
trate how  the  gross  income  differences  are  decomposed  among  the  various 
explanatory  factors  for  the  six  health  variables  exhibiting  significant 
gross  income  differences  at  the  5  or  10  percent  level.    The  procedure 
is  simply  to  multiply  the  coefficients  of  these  explanatory  variables  by 

the  differences  in  their  mean  values  in  the  high  and  low  family  income 
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samples  of  children.        Several  results  in  Table  5  are  noteworthy. 
First,  almost  all  of  the  differences  in  the  six  health  measures  between 
the  high  and  low  income  subsamples  can  be  accounted  for  by  differences 
in  the  independent  variables  that  we  have  included  in  our  equations. 
Second,  a  detailed  examination  of  the  decomposition  indicates  that  for 
four  of  the  six  measures  (PPG HEALTH,  I  HEIGHT,  XL LEG,  and  APERI) ,  differ- 
ences in  parents'  average  schooling  between  high  and  low  income  families 
account  for  as  much  or  more  of  the  gross  differences  as  does  income  it- 
self.   For  the  other  two  measures,  ABVTS  and  TENS,  no  single  component 
accounts  for  a  large  part  of  the  gross  differences,  but  rather  niany 
components  play  snail  roles. 

One  interesting  implication  emerges  from  this  decomposition.  It 
does  not  appear  that  it  is  their  greater  access  to  medical  care  that 
causes  higher  income  families  to  have,  on  balance,  healthier  children. 
Rather,  it  is  their  enhanced  knowledge — as  reflected  by  their  higher 


TABLE  5 

Co-ponents  of  the  Difference  in  PFCHEAXTH,  IHEIGHT,  ABVIS,  ALLEG,  TENS 
and  APERI  Between  White  Children  from  High  and  Low  Income  Families 


coraponen  t 

%  tavr  c 

A-D  VI  o 

ArtKX 

Family  income 

-.072 

.117 

.020 

.028 

-.009 

-.077 

Parents  schooling 

-.089 

.126 

.002 

.045 

.005 

-.145 

Other  family  char- 
acteristics 

.000 

.009 

.004 

.004 

.012 

-.011 

Characteristics 
of  child 

-.013 

.008 

.000 

.001 

.007 

.001 

Region 

-.024 

.010 

.007 

-.005 

-.002 

.020 

City  size 

-.006 

.009 

.004 

-.004 

.016 

Total  -  Predicted 
Gross  Difference 

-.205 

.279 

.037 

.069 

.029 

-.215 

Actual  Gross 
Difference 

-.195 

.280 

.036 

.068 

.028 

-.214 

These  include  whether  or  not  a  foreign  language  is  spoken  in  the  home 
and  whether  or  not  the  father  is  absent  from  the  home. 

b 

These  include  whether  or  not  the  child  is  a  first-bom  or  a  twin, 
and  his  or  her  sex.    The  latter  is  not  included  for  IHEIGHT  and  APERI, 
both  of  which  are  standardized  by  sex. 


levels  of  educational  atta ia^cnt—about  what  it  takes  to  bring  up  healthier 
children.    Thus,  the  usual  policy  recommendations  of  income  redistribution 
or  redistribution  of  medical  resources  would  not  be  supported  by  the  evi- 
dence in  Table  5. 

Our  findings  with  respect  to  race  and  income  differences  may  be  con- 
trasted with  those  in  a  recent  study  of  infant  mortality  by  Gortmaker  (1977). 
He  attempts  to  determine  what  portion  of  the  large  income  and  race  differ- 
ences in  infant  mortality  can  be  explained  by  differences  in  parents'  edu- 
cational attainment,  mother's  age,  the  child's  birth  order,  and  the  pre- 
vious pregnancy  experience  of  the  mother.    He  finds  that  poverty  families 
and  black  families  still  display  a  much  higher  incidence  of  infant  mortal- 
ity even  when  these  factors  are  controlled  for. 

V.  Conclusions 

In  our  analysis  of  data  for  a  national  sample  of  children  in  the  raid- 
childhood  years,  we  have  reported  differences  both  according  to  race  and 
according  to  income,  but  these  differences  by  no  means  overwhelmingly  favor 
the  white  or  high-income  children.    With  respect  to  differences  by  race, 
whether  or  not  they  are  adjusted  for  differences  in  associated  socioeconomic 
factors,  black  children  in  some  cases  are  in  better  health  than  their  white 
counterparts.    When  income  differences  are  the  subject  of  analysis,  the 
high  income  children  do  appear  to  be  in  better  health  according  to  most 
measures,  but  their  advantage  is  greatly  diminished  when  one  controls  for 
related  socioeconomic  factors  like  parents'  educational  attainment.  Even 
so,  for  measures  relating  to  the  new  morbidity  children  from  higher  income 
families  appear  to  be  in  worse  health.    It  is  possible  to  argue  that  the 
latter  finding  is  a  statistical  artifact  because  health  problems  like 


allergies  and  excessive  tension  are  comparatively  subtle  and  are  detected 
only  in  a  setting  (i.e.  in  a  high  income  environment)  where  other  types 
of  health  problems  are  minimized.    But  our  finding  that  the  incidence  of 
the  new  morbidity  is  greater  in  children  from  high  as  opposed  to  low  in- 
come families  is  consistent  with  the  well  known  positive  relationship 
between  income  and  morbidity  and  mortality  rates  observed  for  adults  ia 
the  United  States  [for  example,  Auster  et  al.  (1969)  and  Grossman  (1975)J. 

A  more  general  conclusion  to  be  drawn  from  our  results  is  that  in- 
come and  race  differences  in  infant  mortality  provide  a  poor,  and  even 
misleading  description  of  income  and  race  differences  in  the  health  of 
older  children.    It  may  be  appropriate  to  use  infant  mortality  statis- 
tics in  broad  across-country  comparisons  of  the  health  status  of  various 
populations,  but  these  statistics  should  not  be  used  to  coapare  the 
health  status  of  various  groups  of  older  children  within  the  United 
States. 

In  addition,  our  findings  highlight  the  necessity  of  explicitly 
recognising  the  multidimensional  nature  of  health.    For  example,  poor 
and  black  children  are  in  worse  health  when  traditional  health  measure, 
are  used,  but  they  tend  to  be  in  better  health  when  aspect,  of  the  new 
morbidity  are  under  study.    Such  fine  distinction,  are  hidden  when  a 
single  index  like  infant  or  childhood  mortality  i,  used.    These  results 
underscore  the  importance  of  treating  children's  health  status  as  multi- 
dimensional and  illustrate  how  the  use  of  a  single  health  index  could 
lead  to  erroneous  conclusions  about  health  status  and  its  relation  to 
income  and  race. 

Two  important  and  as  yet  unanswered  questions  are  raised  by  the 
findings  in  this  studv.    The  first  relates  to  the  race  differences  in 


children's  health  that  exist  even  after  a  host  of  socioeconomic  factors 
are  held  constant.    What  are  the  causes  of  these  differences,  and  what 
do  they  mean?    The  second  arises  out  of  the  divergence  between  infant 
mortality  statistics  and  our  mid-childhood  health  measures.    Why  are 
the  income  and  race  differences  in  infant  mortality  so  striking  while 
the  corresponding  differences  in  mid-childhood  morbidity  are  not? 
This  diveraence  is  not  simply  a  result  of  the  type  of  measure  (mortal- 
ity versus  morbidity);  differences  in  the  mortality  of  older  children 
are  also  less  strikinq.    One  possible  exolanation  is  that  the  black 
children  whose  health  prospects  are  the  worst  die  in  infancy  so  that 
those  who  survive  to  mid-childhood  do  not  differ  as  greatly  from 
surviving  white  children,    whatever  environmental  factors  at  work 
would  seem  to  have  a  much  larger  impact  in  infancy  than  later  in  child- 
hood.   If  this  is  so,  we  need  to  know  why.    The  answers  to  these  ques- 
tions are  clearly  pertinent  to  the  conduct  of  public  policy  towards  the 
welfare  of  children. 

The  primary  focus  of  this  study  has  been  to  clarify  commonly  held 
notions  about  income  and  race  differences  in  children's  health.  In 
doinq  so,  we  have  qenerated  results  that  are  different  from  what  one 
would  expect  and  also,  perhaps,  from  what  one  would  like  to  find.  If 
we  had  found  that  race  differences  disappeared  when  income  and  other 
socioeconomic  factors  were  held  constant,  and  that  large  income  differ- 
ences remained  after  other  socioeconomic  characteristics  were  held  con- 
stant, simple  and  clear-cut  policy  implications  would  follow.    In  that 
case  an  income  redistribution  or  a  redistribution  of  market  health 
inputs  (for  examnle,  medical  care,  a  nutritious  diet,  a  clean  physical 
environment) ,  would  lead  to  an  improvement  in  the  health  status  of  poor 


white  and  black  children.    Our  actual  findings-that  race  differences  in 
health  do  not  disappear  when  income  and  other  socioeconomic  factors  axe 
held  constant,  and  that  income  differences  in  health  do  greatly  diminish 
when  other  socioeconomic  factors  are  held  constant— do  not  suggest  sinpls 
remedies  for  eradicating  existing  health  differences.    What  comes  to  mind 
is  some  type  of  educational  program  tailored  to  reach  precisely  those 
families  who  need  it.    Whether  such  a  program  can  be  successful  i,  ques- 
tionable, but  then,  if  there  is  anything  that  we  have  learned  over  the 
past  15  years  of  government-sponsored  attempts  at  social  change,  it  is 
that  simple  solutions  to  social  problems  are  not  readily  uncovered. 


FOOTNOTES 

*A  full  description  of  the  sample,  the  samplinq  technique,  and  the 
data  collection  is  presented  in  NCHS  (1967).    The  one  deficiency  of  thi« 
sample  from  the  point  of  view  of  studving  children's  health  is  the  ex- 
clusion of  children  in  institutions.    To  the  extent  that  these  children 
are  more  likelv  to  have  serious  and  disabling  physical  conditions,  the 
reported  incidence  of  certain  conditions  will  be  lower  in  our  sample  than 
in  the  entire  population  of  children.    In  addition,  if  the  probability 
of  the  institutionalization  of  a  child  with  a  given  condition  depends  on 
income  and  race,  our  results  will  incorporate  unknown  biases.    The  num- 
ber of  institutionalized  children  is  small,  however,  at  about  four- 
tenths  of  a  percent  of  all  children  aged  5  through  13  years.     (This  is 
the  proportion  of  5-13  year-olds  living  in  "group  ouarters"  in  1970 
accordinq  to  the  U.S.  Bureau  of  the  Census  (1973)  ,  Tables  52  and  205. 
The  corresponding  Dercentaoes  bv  race  are  .38  percent  for  whites  and  .7 
percent  for  blacks.] 


See,  for  example  Sullivan  (1966),  Berg  (1973),  and,  more  recently, 
Kara  (1976). 

3See  Grossman  (1972),  p.  58.    This  definition  is  also  similar  to 
that  proposed  in  Torrance  (1976). 

4 

There  is,  of  course,  a  positive  relationship  between  "permanent" 
and  "transitory"  health  status  in  the  sense  that  a  child  with  low  health 
capital  is  more  likely  to  contract  some  acute  conditions  and  to  have  them 
for  a  more  extended  time  period.    For  example,  Birch  and  Gussow  (1979) 
discuss  how  nutrition  (which  is  clearly  a  determinant    of  "permanent" 
health  status)  and  disease  are  intimately  related. 

5ln  earlier  work  some  attempts  were  made  to  condense  the  health  in- 
formation using  principal  component  analysis.    The  analysis  yielded  al- 
most as  many  equally  weighted  components  as  there  were  initial  healt 
measures. 

6 

The  studies  we  consulted  are:    Wallace  (1962) ,  Mechanic  (1964) | 
Kindlin  and  Lobach  (1971);  Talbot,  et  al.   (1971),  Kaplan  et  al.   (1972) i 
mu  (1973),  Starfield  (1977),  Kessner  (1974),  Kaggerty  et  al.  (1975), 
and  Inman  (1976) . 

7The  following  physicians  gave  us  helpful  advicei    John  McNamara, 
«-hen  Assistant  Professor  of  Public  Health  and  Pediatrics  at 
Columbia  University  School  of  Public  Health  and  Associate  Commissioner 
in  the  New  York  City  Department  of  Health,  Roy  Brown,  M.D.,  Associate 
Professor  of  Cormunity  Medicine  and  Pediatrics  at  the  Mount  Sinai  School 
of  Medicine  of  the  City  University  of  New  York,  Thomas  Travers,  D.D.S., 


Director  of  Ambulatory  Care  in  the  New  York  City  Department  of  Health; 
and  Puth  T.  Gross,  Professor  of  Pediatrics  and  Director  of  Ambulatory 
Pediatrics,  Stanford  University  Medical  Center,  Stanford,  California. 

8 

If  the  actual  height  of  each  age-sex  group  is  normally  distri- 
buted, I HEIGHT  can  be  translated  directly  into  the  child's  height  per- 
centile. 

9 

In  defining  ACABN,  we  exclude  abnormalities  resulting  from  acci- 
dents or  injuries  because  these  are  more  likely  to  reflect  transitory 
rather  than  permanent  health  variations. 

*°The  periodontal  index  suffers  from  the  defect  that  it  is  subject 
to  intra-rater  and  inter-rater  variability.    We  have  experimented  with 
a  somewhat  more  objective  measure  of  oral  health,  the  number  of  decayed 
permanent  and  primary  teeth  adjusted  for  age  and  sex,  and  have  obtained 
results  similar  to  those  for  the  periodontal  index.    Compared  to  the 
number  of  decayed  teeth,  the  periodontal  index  reflects  more  serious  oral 
health  problems. 

^There  is  no  school  form  for  approximately  500  children  in  the  Cycle 
II  data  set.     Since  excessive  absence  due  to  illness  is  the  only  variable 
taken  from  the  school  form,  children  without  the  school  form  are  eliminated 
from  our  working  sample  only  when  school  absenteeism  is  examined. 

**These  means  are  computed  using  only  4,777  of  the  7,119  observations 
because  our  working  sample  only  includes  children  who  lived  either  with 
both  of  their  parents  or  with  their  mothers  only  (no  step-parents,  foster 
parents,  grandparents,  etc.).      In  addition,  the  72  children  who  turned 


12  years  old  after  having  been  chosen  for  the  Cycle  XI  survey  are  excluded 
as  well  as  those  children  for  whom  there  were  missing  data  on  either  these 
health  measures  or  on  the  socioeconomic  variables  used  in  the  next  sec- 
tion.   Comparison  of  these  means  with  corresponding  means  for  the  entire 
Cycle  II  sample  reveals  that  there  is  very  little  difference  between  the 
full  sample  and  our  working  subsanple. 

*"*See  U.S.  Department  of  Health,  Education  and  Welfare  (1966), 
Tables  1-10. 

14 

One  might  object  to  the  use  of  subjective  measures  like  PFGHEALTH, 
TENS,  and  ALLEG  to  compare  the  health  of  different  income  and  racial 
groups  because  such  measures  may  be  subject  to  systematic  reporting  bias. 
Specifically,  more  educated  parents  (who  are  also  more  likely  to  be  white 
and  to  be  in  the  upper  income  class)  may  be  more  likely  to  observe  and  re- 
port their  children's  problems  with  allergies  and  tension.    If  so,  white 
children  and  children  in  the  upper  income  class  will  be  reported  to  ex- 
hibit a  higher  incidence  of  these  problems  even  if  they  do  not.  This 
bias  may  be  a  problem  in  this  section,  where  only  gross  comparisons  are 
made,  but  it  is  not  in  the  next  section,  in  which  parents'  education  and 
many  other  family  characteristics  are  controlled  for. 

i5Income  differences  were  also  computed  for  an  all-white  sample  with 
virtually  identical  results  (see  Table  4).    Thus,  these  reported  income 
differences  in  health  are  not  the  result  of  the  higher  proportion  of  blacks 
in  poor  families. 

16 

These  results  can  again  be  contrasted  with  comparable  data  for  the 
two  infant  health  measures  discussed  earlier.    Even  within  income  classes, 


race  differences  in  infant  mortality  and  in  the  incidence  of  low  birth 
weight  regain  large  and  consistently  favor  whitest 

Low  Income  High  Income 

<i  $5,000  p.a.)  (>  $5,000  p.a.) 

Blacks  Whites 

Infant  mortality  43.9  24.2 

Incidence  of  low 

birth  weight  13.2  7.6 

(Source  and  definitions  of  health  measures  are  the  same  as 
in  Table  2). 

17Net  differences  are  computed  in  two  different  ways  depending  on 
whether  or  not  there  are  significant  race  differences  in  slope  coeffi- 
cients in  the  underlying  health  equations.    If  there  are  no  significant 
differences  in  the  slope  coefficients  by  race  (as  in  the  case  for  the 
dependent  variables  HD3P,  ABVIS,  TENS,  ACABN,  and  SCHABS) ,  the  "net" 
race  difference  is  represented  by  the  regression  coefficient  of  a  race 
dummy  variable  (black  -  1)  from  a  pooled  regression  of  black  and  white 
children  that  holds  constant  all  other  dependent  variables.     In  this 
case,  the  "net"  difference  is  that  portion  of  the  gross  difference  that 
remains  after  holding  constant  differences  in  the  mean  values  of  the 
explanatory  variables.    When  there  are  significant  race  differences  in 
the  slope  coefficients  (as  in  the  case  of  the  dependent  variables 
APERI,  I HEIGHT,  PFG HEALTH,  and  ax  leg ) ,  the  net  differences  is  computed 
as  the  difference  in  intercepts  from  race-specific  regression  estimates 
with  the  set  of  explanatory  variables  held  constant.     In  this  case  the 
net  difference  represents  that  portion  of  the  gross  race  difference  that 


Black  Whites 
23.6  18.6 

17.1  6.6 


remains  after  allowing  for  race  differences  in  both  means  and  in  slope 

coefficients. 

■ 

18 

The  list  of  health  measures  for  which  there  are  significant  in- 
come differences  is  the  sane  for  the  white  sample  as  it  is  for  the  full 
black  and  white  sample  reported  on  in  Table  2. 

19 

In  no  cases  were  there  significant  differences  in  the  slope  co- 
efficients in  the  two  income  classes. 
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Chapter  4 

ADOLESCEirr  HEALTH,  FAMILY  BACKGROUND, 
A  WD  PREVENTIVE  MEDICAL  CARE 


This  study  investigates  the  health  of  white  adolescents,  focus ino 

particularly  on  the  roles  of  family  background  and  preventive  medical 
care.    This  emphasis  is  motivated  in  part  by  our  desire  to  study  adoles- 
cent health  in  the  context  of  the  nature-nurture  controversy.  Despite 
the  existence  of  a  massive  literature  on  the  relative  importance  of  hered- 
ity (nature)  and  the  home  and  school  environment  (nurture)  in  the  determi- 
nation of  cognitive  development,*  the  corresponding  issue  has  not  been 
directly  addressed  by  researchers  in  child  and  adolescent  health.     This  is 
partly  because  much  of  the  health  research  is  limited  either  to  poverty  or 
to  minority  populations   (Hu  1973;  Ressner  1974;  Inman  1976;  Dutton  1978; 
D;ttor.  and  Silber  1979),  and  partly  because  researchers  who  use  represen- 
tative samples  do  not  adopt  the  multivariate  context  necessary  for  distin- 
guishing between  genetic  and  environmental  influences   (Douglas  1951; 
Douglas  and  Blocmfield  1958;  Kellner-Pringle ,  Butler,  and  Davie  1966; 
Kaggerty,  Roghxann,  and  Pless  1975;  Zimmer  1978).     Our  research  uses  multi- 
variate statistical  techniques  to  provide  some  evidence  of  the  degree  to 
which  nurture — that  is,  the  family  and  local  environment — acts  in  deter- 
mining the  health  levels  of  a  representative  sample  of  white  adolescents. 

One  aspect  of  the  adolescent's  environment,  medical  care,  has  been 
recognized  as  the  logical  vehicle  for  public  policy  aimed  at  improving 
adolescent  health.    For  example,  Newberger,  Newberger,  and  Richmond  (1976), 
Keniston  and  the  Carngeie  Council  on  Children  (1977),  and  Marmor   (1977)  all 
have  proposed  that  national  health  insurance  should  provide  coverage  of 


109 


for  choosing  thcise  indicators  is  that  they  represent  health  problems  that 
are  capable  of  being  affected  by  f ami ly  decisions  concerning  diet  and  other 
forms  of  at-home  health  care,  as  well  as  by  pediatric  and  dental  care. 
This  is  in  contrast  to  many  adolescent  health  problems  that  are  either 
self-limiting,  such  as  morbidity  from  acute  conditions,  or  irreversible, 
such  as  congenital  abnormalities  of  the  neurological  system. 

To  analyze  these  health  problems  we  use  data  from  Cycle  III  of  the 
U.S.  Health  Examination  Survey  (H2S) ,  an  exceptional  source  of  information 
about  a  national  sample  of  6,768  noninstitutionalized  youths  aged  12  to 
17  years  in  the  1966-70  period.2    The  data  comprise  complete  medical  his- 
tories of  each  youth  provided  by  the  parent,  information  on  family  socio- 
economic characteristics,  and  birth  certificate  information.    Most  impor- 
tant, there  are  objective  measures  of  health  from  detailed  physical 
examinations  given  to  the  youths  by  pediatricians  and  dentists  employed 
by  the  Public  Health  Service.     These  data  are  supplemented  by  two  medical 
resource  inputs  specific  to  the  youth's  county  of  residence  {the  number 
of  pediatricians  per  capita  and  the  number  of  dentists  per  capita)  and 
information  on  the  presence  of  controlled  or  natural  fluorides  in  the 
water  supply  system  that  services  the  youth's  community.     The  last  piece 
of  information  enables  us  to  evaluate  the  impact  of  a  collective,  as  op- 
posed to  an  individual,  preventive  dental  practice. 

These  data  are  used  to  estimate  two  types  of  relations:     a  health  pro- 
duction function  and  a  derived  demand  function  for  preventive  care.  The 
resulting  estimates  permit  us  to  answer  the  following  four  questions. 
What  is  the  size  of  the  home  environmental  effect  on  adolescent  oral  and 
physical  (obesity,  anemia,  corrected  distance  vision)  health  outcomes? 
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prenatal  care,  pediatric  care,  and  dental  care.    Bills  with  this  aia  have 
been  introduced  in  Congress  by  Senator  Jacob  K.  Javits  and  Congressman 
James  H.  Scheuer,  both  of  New  York.    To  cite  another  illustration,  recently- 
enacted  Federal  legislation  has  attempted  to  increase  the  availability  of 
pediatricians  and  dentists  in  medically  underserved  areas  to  expand  the 
use  of  preventive  care  in  such  areas.    The  Emergency  Health  Personnel  Act 
of  1970  (PL  91-623)  created  the  Kational  Health  Service  Corps.,  whose  mem- 
bers are  assigned  to  health  manpower  shortage  areas.    The  Health  Profes- 
sions Assistance  Act  of  1976  (PL  94-484)   encourages  new  graduates  of  medi- 
cal and  dental  schools  to  locate  in  urban  ghettos  and  rural  regions  by 
forgiving  their  medical  education  loan  obligations.    Further,  the  Health 
Maintenance  Organization  Act  of  1974   (PL  93-222)  gives  priority  for  de- 
velopmental funding  of  HMOs  in  medically  deprived  areas.     One  objective 
of  our  research  is  to  provide  estimates  of  the  potential  payoffs  to 
national  health  insurance  and  medical  manpower  policies  directed  at  im- 
proving youths'  health. 

The  specific  health  indicators  we  study  are  oral  health,  obesity, 
anemia,  and  corrected  distance  vision.     These  four  are  chosen  not  only 
because  they  represent  health  problems  that  create  discomfort  for  the 
teenager,  but  more  importantly,  because  they  may  be  good  predictors  of 
subsequent  adult  health.     Indeed,  they  all  partly  reflect  poor  health 
habits  that  are  likely  to  persist  into  adulthood.     With  the  growing  evi- 
dence that  adults'  choice  of  life  styles  and  health  behaviors  can  have 
important  impacts  on  their  health  (Breslow  and  Klein  1971,  Fuchs  1974a, 
1974b,  Grossman  1975,  Manheira  1975),  it  is  natural  to  look  into  adoles- 
cence to  understand  the  formation  of  these  habits.     A  second  motivation 


How  important  i.  the  hone  environment  a.  a  determinant  of  the  demand  for 
preventive  dental  and  pediatric  care?    How  large  are  the  effect,  of  den- 
tist., preventive  dental  care,  and  fluoridation  on  oral  health'  outcome.? 
How  large  are  the  effects  of  pediatricians  and  preventive  pediatric  car. 
on  physical  health  outcomes?    In  addressing  the  last  two  questions,  we 
recognise  explicitly  the  common-sense  proposition  that  an  increase  in  • 
community's  physician  or  dental  manpower  will  not  increase  health  out- 
cones  unless  it  encourages  more  utilization  of  medical  care  services. 
Previous  empirical  work  on  the  impact  of  physicians  or  dentists  on 
health  has  not  taken  account  of  this  restriction  (for  example,  Newhouse 
and  Friedlander  1977). 

Our  findings  indicate  first,  that  family  characteristics  do  have 
a  significant  impact  on  adolescent  health  and  second,  that  preventive 
care  is  an  important  vehicle  for  this  impact  in  the  case  of  dental 
health  but  not  in  the  case  of  the  three  physical  health  measures. 
Similarly,  the  greater  availability  of  dentists  has  a  positive  impact 
on  dental  health,  but  greater  availability  of  pediatricians  does  not 
alter  the  nhysical  health  measures.    On  the  basis  of  these  results  we 
predict  that  government  efforts  to  improve  the  dental  health  of  adoles- 
cents with  policies  to  lower  the  cost  of  dental  care  or  increase  the 
availability  of  dentists  are  much  more  likely  to  be  successful  than 
similar  policies  directed  at  improving  their  physical  health. 

*•     Analytical  Framework 
Previously,  in  Charter  2,  we  argued  that  offsprings'  health  can 
be  examined  fruitfully  within  the  context  of  the  economic  models  of 
fertility  developed  by  Becker  and  Lewis   (1973),  Willis  (1973),  and 


Ben  Porath  and  Welch  (1976).    In  these  models  the  parents'  utility  func- 
tion depends  on  their  own  consumption,  their  family  sire,  and  the  "qual- 
ity" of  each  child.    Child  "ouality"  refers  to  those  characteristics  of 
the  child  that  qenerate  utilitv  for  the  parents:    his  health,  sex,  wealth, 
social  adjustment,  intellectual  development,  etc.    Therefore,  when  par- 
ents choose  their  optimal  family  composition,  they  choose  not  only  how 
many  children  they  will  have  but  also  what  portion  of  the  family' 6  re- 
sources will  be  devoted  to  each  child.    This  choice  is  made  in  the  usual 
way:    parents  choose  the  number  and  mialitv  of  children,  as  well  as  of 
other  consumption  qoods,  so  as  to  maximize  their  utility  subject  to  the 
constraints  inoosed  by  their  wealth  (their  potential  earned  and  non- 
earned  income)  and  the  various  prices  they  face.    In  the  case  of  chil- 
dren, there  is  a  further  constraint  in  the  form  of  children's  genetic 
endowments  which  in  part  determine  their  quality.    Genetic  endowments 
act  as  a  constraint  because  they  are  largelv  outside  of  the  family's 
control. 

The  nrices  of  children  and  of  the  various  components  of  their  quality 
are  determined  by  a  fundamental  insight  embedded  in  the  household  produc- 
tion function  approach  to  consumer  behavior i    consumers  produce  their 
basic  objects  of  choice  with  inputs  of  goods  and  services  purchased  in 
the  market  and  their  own  time  (Becker  1965).    This  insight  is  of  par- 
ticular relevance  in  dealing  with  children  and  their  health  because  par- 
ents obviously  do  not  buy  these  objects  of  choice  directly  in  the  market) 
both  a  child's  home  environment  and  his  genetic  endowment  are  important 
determinants  of  his  ultimate  health  level.    Therefore,  the  price  of  health 
depends  on  the  cost  of  the  parents'  or  other  caretakers'  time,  and  the 
prices  of  medical  care,  nutrition,  and  any  other  purchased  inputs  used  to 


improve  children' »  health.     It  also  depend*  on  the  number  of  children  la 
the  family  because  the  more  children  there  are  in  the  family,  the  more 
costly  it  is  to  raise  their  average  health  level.    In  addition,  to  the 
extent  that  there  are  systematic  differences  in  the  ability  of  families 
to  produce  children's  health  with  given  inputs,  these  differences  in 
efficiency  are  also  relevant.    For  example,  more  educated  parents  are 
more  liV.ely  to  be  able  to  follow  doctors'  instructions,  to  have  general 
information  about  nutrition,  and  to  be  willing  and  able  to  acquire  medi- 
cal information  from  published  materials.     Consequently,  one  would  expect 
more  educated  parents  to  be  more  efficient  in  producing  healthy  children. 

Given  these  considerations,  the  following  factors  are  expected  to 
influence  children's  health  levels:     the  child's  exogenous  (genetic) 
health  endowment,  family  wealth,  parents'  wage  rates,  family  sire,  par- 
ents' educational  attainment  and  other  measures  of  their  efficiency  in 
household  production,  and  the  direct  and  indirect  costs  of  medical  care 
and  other  market  health  inputs   (vitamins,  sanitation,  etc.).3     (The  in- 
direct costs  of  medical  care  are  generated  by  the  time  spent  in  traveling, 
waiting,  and  obtaining  information  about  this  care.*)     The  relationship 
between  the  child's  ultimate  health  and  this    set  of  factors  may  be 
termed  a  demand  function  for  the  output  of  health.     In  this  demand  func- 
tion a  positive  association  between  children's  health  and  family  wealth 
is  predicted  (assuming  that  child  health  is  a  normal  good).     Similarly,  a 
positive  association  is  expected  between  both  parents'  education  and  chil- 
dren's endowed  health  status  and  children's  ultimate  health  status. 
Negative  associations  would  be  anticipated  between  all  of  the  prices  of 
health  inputs  and  children's  health,  and  between  family  size  and  chil- 
dren's health.     Parents'  wage  rates  may  have  negative  or  positive  effects 


on  children's  health  levels    depending  on  whether  the  household  produc- 
tion of  children's  health  is  more  or  less  time  intensive  than  the  pro- 
duction of  other  aspects  of  child  quality  and/or  other  types  of  parent*' 
consumption  commodities .     In  this  framework  a  child's  health  is  treated 
es  a  single  datum — his  permanent  health  measured,  say,  at  the  beginning 
of  adulthood  or  as  an  average  over  his  childhood  and  adolescence.  This 
type  of  model  is  not  formulated  to  explain  variations  in  health  over  child- 
hood or  to  examine  the  child's  contribution  to  his  own  health.^  - 

The  above  model  provides  a  useful  setting  within  which  to  view 
adolescent  health,  but  empirical  estimation  of  the  resultant  "demand  for 
health"  function  would  not  yield  answers  to  the  questions 
posed  in  the  introduction.     Such  estimates  would  only  yield  information 
about  the  total  impact  of  family  characteristics  or  medical  input  prices 
on  children's  health.    To  determine  the  effect  of  preventive  care  on 
health  we  need  estimates  of  the  health  production  function.  Similarly, 
to  determine  whether  families  with  specific  characteristics  are  more 
efficient  at  producing  healthy  children  also  requires  estimates  of  this 
production  function.     Alternatively,  to  assess  the  role  of  family  char- 
acteristics in  determining  the  amount  of  preventive  care  received  by 
adolescents,  an  estimate  of  a  derived  demand  function  for  medical  care 
is  needed.     Finally,  a  computation  of  the  impact  of  health  manpower 
availability  on  adolescent  health  requires  not  only  the  above  functions 
but  also  a  set  of  market  demand  and  supply  for  health  manpower  functions. 
In  the  latter  case,  we  employ  a  simplified  approach  which  yields  rough 
estimates  of  these  manpower  availability  effects  on  health. 


A.    The  Health  Production  Function 

A  simple,  linear  health  production  function^  is  represented  by 

(1)  H  -  B0  ♦  Bx  E  ♦  B2  c  ♦  B3  M  ♦  B4  X  ♦  B5  R     «■  . 

Here  H  is  a  health  measure,  E  is  a  vector  of  family  efficiency  character- 
istics, G  is  a  vector  of  the  adolescent's  endowed  health  characteristics, 
K  is  a  medical  or  dental  care  input,  X  is  a  vector  of  other  family  inputs 
(nutrition,  parents'  time,  etc.),  R  is  a  vector  of  relevant  regional  char- 
acteristics  (city  size,  region  of  the  country,  and  whether  or  not  the 
water  supply  is  fluoridated) ,  and        is  a  random  error  term  with  the 
usual  properties. 

The  health  production  function  actually  estimated  in  Section  III 
does  not  correspond  exactly  to  equation  (1)  because  of  inadequate  data. 
First,  data  on  the  amount  of  "other"  inputs   (X)  are  not  available. 
Therefore,  we  include  the  following  proxy  measures  for  X:     family  income, 
family  size,  and  the  mother's  labor  force  status.     Family  income  is  posi- 
tively related  and  family  size  is  negatively  related  to  nutrition  and 
other  unmeasured  market  health  inputs.     Family  size  and  mother's  labor 
force  status  are  proxies  for  the  amount  of  time  the  mother  spends  with 
each  of  her  offspring.     Women  who  work  full-time  or  part-time  in  the 
labor  market  and  women  with  many  offspring  have  less  time  to  spend  with 
each  one.     In  addition,  our  data  do  not  include  good  information  about 
curative  care.     Consequently,  M  represents  only  preventive  care.     This  is 
not  a  serious  deficiency  because  we  have  chosen  health  measures  for  which 
the  impact  of  preventive  care   (with  the  associated  remedial  treatment)  is 


relatively  large.     (By  focusing  on  health  problems  for  which  the  medical 
input  is  primarily  preventive,  we  also  avoid  the  necessity  of  modeling 
the  simultaneous  determination  of  health  levels  and  curative  care  utili- 
zation. ) 


■ 
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B.    The  Derived  Demand  for  Preventive  Care  ^  - 

The  derived  demand  function  for  medical  care  depend*  on  the  .an*  set 

of  variables  at  the  demand  function  for  healthi 


(2)  M 


T0  +  Tl  T  4  y2  G  *  Y3  P  4  *4  R  +  u2  * 


r  represents  family  income,  education,  family  size,  and  other  family  char- 
acteristics affecting  either  the  demand  for  health  or  the  family's  effi- 
ciency in  producing  healthy  children,  G  and  R  are  the  same  as  in  equation 
(Dl  P  represents  a  vector  of  relevant  direct  and  indirect  input  prices 
(wage  rates,  the  cost  of  a  doctor  or  dental  visit,  etc.),  and  u2  is  the 
usual  random  error  term.  j\ 

we  cannot  estimate  this  derived  demand  curve  exactly  as  stated  be- 
cause data  on  P  are  not  available.     Inclusion  of  variables  representing 
the  mother's  labor  force  status  helps  control  for  variations  in  the 
mother's  vate  rate.    Other  input  prices  are  partially  controlled  for  by 
the  region  and  city-size  variables  in  R.     Finally,  physician  or  dentist 
availability  measures  axe  included  to  represent  differences  in  the  direct 
and  indirect  costs  of  medical  or  dental  care.7    Thus,  rather  than  equation 
(2),  we  estimate  the  following: 


(3)  M  -  oQ  ♦  a1  P  +  a2  G  ♦  o3  D  ♦  a4  R  ♦  u3 

ere  the  vector  F  now  includes  the  mother's  labor  force  status  and  D 


represents  the  number  of  pediatricians  or  dentists  per  capita  in  the  ado- 
lescent's county  of  residence. 

C.    The  Role  of  Health  Manpower  Availability 

It  Is  the  inclusion  of  manpower  availability  measures  in  the  derived 
demand  for  preventive  care  functions  that  permits  us  to  obtain  a  rough 
assessment  of  the  impact  of  health  manpower  on  the  demand  for  preventive 
care,  and  consequently,  on  adolescent  health.    Only  a  rough  assessment  is 
possible  because  to  get  precise  estimates  it  is  necessary  to  have,  first, 
data  on  the  direct  and  indirect  costs  of  medical  care  and  second,  measures 
of  the  price  elasticity  of  supply  of  physicians  or  dentists.     Good  esti- 
mates of  the  supply  elasticities  do  not  exist,  and  it  is  almost  impossible 
to  measure  all  of  the  indirect  costs  of  medical  care.    Although  data  on 
direct  costs  do  exist,  they  are  not  usually  found  in  conjunction  with  the 
detailed  health  and  family  background  data  used  here.     Thus,  our  esti- 
mate of  the  impact  of  health  manpower  on  health  is  the  best  that  can  be 
obtained  given  the  limitations  of  existing  data  sets.    The  coefficients 
of  the  health  manpower  variables  in  the  derived  demand  equations  embody 
both  the  relationship  between  health  manpower  availability  and  direct  and 
indirect  medical  care  prices,  and  the  relationship  between  medical  care 
prices  and  the  demand  for  preventive  care. 

Implicit  in  the  above  discussion  is  the  assumption  that  an  increase 
in  a  community's  health  manpower  will  not  improve  the  health  of  adoles- 
cents unless  it  encourages  a  greater  utilization  of  preventive  care  ser- 
vices.   This  assumption  is  explicitly  incorporated  in  equations  (1)  and 


(3):    D  is  assured  to  have  no  direct  effect  on  health  in  equation  (1)  but 
alters  health  only  via  its  impact  on  M  in  equation  (3).  Substituting 
equation  (3)  into  equation  (1)  yields  estimates  of  the  total  impact  of 

doctor  or  dentist  availability  on  health: 


(4)  H  -  BQ  ♦  B1  E  ♦  03  ax  F  ♦  <82  +  Bj  a2>  G  ♦  B^  D 


B4  X  ♦  (B5  ♦  B3  a4)  R  +  ^  ♦  B3  u3  . 


The  total  impact  of  pediatrician  or  dentist  availability  on  health  is  given 
by  6^  dy  Note  that  an  estimate  of  the  total  impact  computed  from  individ- 
ual estimates  of        and  8^  differs  from  that  obtained  from  direct  estimation 

of  equation  (4)  because  the  latter  does  not  incorporate  the  restriction 

8 

that  D  does  not  appear  in  equation  (1). 

D.     The  Role  of  Family  Background  Variables 

To  the  extent  that  there  are  family  background  variables  common  to 
both  the  set  E  and  the  set  F   (parents  educational  attainment  is  a  good 
example  of  one),  the  substitution  in  equation  (4)  provides  an  additional 
insight.    Parents"  education  is  clearly  seen  to  have  two  effects  on  ado- 
lescent health:     a  direct  or  "efficiency"  effect  given  by  B^  and  an  in- 
direct or  "allocative"  effect  given  by  B^  a^.    The  latter  refers  to  the 

ability  of  parents  with  greater  schooling  levels  to  select  a  better  input 

9 

mix  in  the  production  function. 


II.     Empirical  Implcacntatlon 
Equations   (1)  and  (3)  are  estimated  using  Cycle  III  data  for  whit* 

adolescent!  who  live  with  either  both  of  their  parents 
or  with  their  mothers  only.     Black  adolescents  are  excluded  froa  the 
empirical  analysis.    Preliminary  results  revealed  significant  race  differ- 
ences in  slope  coefficients  so  that  pooling  blacks  and  whites  for  estima- 
tion was  inappropriate.      Separate  estimates  for  black  adolescents  are 
not  presented  because  the  black  sample  is  too  small  to  allow  for  reliable 
coefficient  estimates.    Observations  are  also  deleted  if  there  are  missing 
data.    The  final  sample  size  is  4,121.    Table  1  contains  definitions, 
means,  and  standard  deviations  of  all  of  the  dependent  and  independent 
variables.    It  also  contains  a  notation  concerning  the  source  of  each 
variable. 

X.     Me&surener.t  of  Adolescent  Health 

In  the  introduction  to  this  chapter,  we  expressed  an  intention  to 
study  physiological  measures  of  adolescent  health  that  (1)  reflect  det- 
rimental health  behaviors  or  life  styles  that  may  persist  and  create 
more  serious  problems  in  adulthood  and  (2)  relate  to  problems  that  can 
be  modified  by  endogenous  inputs  in  the  health  production  function  such 
as  proper  diet,  parents'  time,  and  especially  preventive  medical  care.^ 
Based  on  these  criteria,  we  focus  on  two  correlates  of  poor  oral  health: 
the  periodontal  index  and  the  number  of  decayed  permanent  teeth;  and  on 
three  correlates  of  poor  physical  health:    obesity,  abnormal  corrected 
distance  vision,  and  anemia  as  reflected  by  low  hematocrit  levels.  All 
five  measures  clearly  relate  to  conditions  that  can  carry  on  into  adult- 
hood, and  all  can  be  modified  by  appropriate  care.     Dental  care  provided 


TABLE  1 
Definitions  of  Variables 


Variable 
Kane 


Sample 
-Mean 


Sample 
Standard 
Deviation 


Definition 


Source 


A.    Health  Measures 


APERI 


-.114 


.857  Periodontal  index,  standardized 
by  the  mean  and  standard  devia- 
tion of  one-year  age-sex  cohorts 


I DECAY 


-.146 


.839  Number  of  decayed  permanent  teeth, 
standardized  by  the  mean  and  stan- 
dard deviation  of  one-year  age-sex 
cohorts 


OBESE  .103  .305         Dummy  variable  that  equals  one  if  2 

the  physician  rates  the  youth  as 
obese  or  very  obese 

PVTS  .042  .201         Dummy  variable  that  equals  one  if  2 

youth  wears  glasses  and  his  cor- 
rected binocular  distance  vision 
is  20/40  or  worse  or  if  youth 
does  not  wear  glasses  and  his  un- 
corrected binocular  distance  vi- 
sion is  20/40  or  worse 


ANEMIA  .023  .149  Dummy  variable  that  equals  one  if  2 

youth  is  a  female  whose  hematocrit 
level  is  more  than  two  standard 
deviations  below  the  mean  for  fe- 
males 12  to  17  years  of  age  or  if 
youth  is  a  male  whose  hematocrit 
level  is  more  than  two  standard 
deviations  below  the  mean  for  his 
stage  of  sexual  maturity 


B.     Preventive  Medical  Care  Measures 


DTPREV  .697  .460 


Dummy  variable  that  equals  one  if 
youth  saw  a  dentist  for  a  check- 
up within  the  past  year 


1 


TABLE  1  (continued) 


Sa.no  le 

Variable      Sample*    St an lard 


Kan*  Mean        Deviation  Definition  Sourc*b 


DPJ>RSV 


588 


,492  Durray  variable  that  equals  one  if 
youth  saw  a  doctor  for  a  check-up 
within  the  past  year 


FLOOR 


584 


,493       Du=ny  variable  that  equals  one  if 
the  cozaunity  in  which  the  youth 
lives  uses  naturally  fluoridated 
or  controlled  fluoridated  water 


See 

text 


C.    Other  Variables 

FINC  9.614  5.112       Continuous  family  income  (in  thou-  1 

sands  of  dollars)  computed  by 
assigning  midpoints  to  the  follow- 
ing closed  income  intervals,  $250 
to  the  lowest  interval,  and 
$20,000  to  the  highest  interval. 
The  closed  income  classes  are i 


$500 

$999 

$1,000 

$1,999 

$2,000 

$2,999 

$3,000 

$3,999 

$4,000 

$4,999 

$5,000 

$6,999 

$7,000 

$9,999 

$10,000 

$14,999 

FE DUCAT  11.327 


KE  DUCAT  11.142 


NOFATH 


FLANG 


.099 


.139 


3.227        Years  of  formal  schooling  com- 
pleted by  father 

2.843        Years  of  formal  schooling  com— 
pleted  by  mother 

.297        Durny  variable  that  equals  one  if 
youth  lives  with  mother  only 

.346       Dummy  variable  that  equals  one  if 
a  foreign  language  is  spoken  in 

the  ho:T>e 


1 
1 


LESS20        3.360  1.853 


Number  of  persons  in  the  household  1 
20  years  of  age  or  less 


TABLE  1  (continued) 


Sample 

Variable     Sample*    Standard  b 
Name  Mean       Deviation  Definition         «-*.'?'"  Source 


K«ORKFT         .268  .443         Durny  variable  that  equals  one  if  1 

KrfORKPT         .154  .361         the  mother  worki  full-time  or 

part-time,  respectively;  omitted 
class  is  mother  does  not  work 


DENT  .534  .216         Number  of  dentists  per  thousand  See 

population  in  ccenmunity  of  resi-  text 
dence  of  youth 


PED 


.051 


,027  Nurber  of  pediatricians  per  thou-  See 

sand  population  in  community  of  text 
residence  of  youth 


NEAST 
KWEST 
SOUTH 


.253 
.291 
,203 


.435  DuBny  variables  that  equal  one  If 
,454  youth  lives  in  Northeast,  Midwest, 

.402         or  South,  respectively;  omitted 
class  is  residence  in  West 


URBl 
0R32 
ORB  3 
NURB 


,193 
132 
,194 

,146 


,395  Duirrny  variables  that  equal  one  if 

,339  youth  lives  in  an  urban  area  with 

,396  a  population  of  3  million  or  more 
,353  (URBl);  in  an  urban  area  with  a 

population  between  1  million  and 
3  million  (URB2)  »  in  an  urban 
area  with  a  population  less  than 
1  million  (URB3) i  or  in  a  non- 
rural  and  non-urbanized  area 
(NURB) i  omitted  class  is  resi- 
dence in  a  rural  area 


LMAG 


.077 


,267  Dummy  variable  that  equals  one  if 

the  mother  was  less  than  20  years- 
old  at  birth  of  youth 


TABLE  1  (continued) 


Variable 
Name 


Sample 
Mean 


Sample 
Standard 
Deviation 


Definition 


Source 


HUAG 


.096 


.294  Dummy  variable  that  equals  one  if 

mother  was  more  than  35  years-old 
at  birth  of  youth 


LIGHT1  .010 


.098         Dummy  variable  that  equals  one  if 
youth's  birth  weight  was  under 
2,000  grams   (under  4.4  pounds) 


LIGHT2  .032 


.177  Dummy  variable  that  equals  one  if 

youth's  birth  weight  was  equal  to 
or  greater  than  2,000  grains  but 
under  2,500  grams   (under  5.5 
pounds) 


BWUK 


.245 


.430         Dummy  variable  that  equals  one  if 
youth's  birth  weight  is  unknown 


FYPH 


.117 


.321  Dummy  variable  that  equals  one  if 

there  was  a  medical  difficulty 
with  youth  before  the  age  of  one 
year 


ABN 


.200 


400  Dummy  variable  that  equals  one  if 

the  diagonistic  impression  of  the 
physician  was  that  the  youth  had 
a  significant  abnormality 


TWIN 


.023 


.150         Dummy  variable  that  equals  one  if 
youth  is  a  twin 


FIRST 


.497 


.500         Dummy  variable  that  equals  one  if 
youth  is  the  first  born  in  the 
fami ly 


AGE 


MALE 


14.335 

.528 


1.661 
.499 


Age  of  youth  j 

Dummy  variable  that  equals  one  if  1 
youth  is  a  male 


Footnotes  to  TABLE  1 

a 

The  means  and  standard  deviations  are  computed  for  the  sample  of 
4,121  white  youths  described  in  the  text. 

b 

The  sources  are  1  =  parents,  2  ■  examination,  3  «  birth  certifi- 
cate.    See  text  for  sources  of  FLUOR,  PED  and  DENT. 

c 

The  mean  of  this  variable  is  not  zero  because  standardization 
was  done  using  the  entire  Cycle  III  sample  rather  than  the  subsample 
reported  on  in  this  paper.     In  particular,  the  negative  mean  reflects 
the  better  oral  health  of  white  youths  compared  to  black  youths. 

d 

For  youths  who  were  not  currently  living  with  their  father, 
father's  education  was  coded  at  the  mean  of  the  sample  for  which 
father's  education  was  reported. 


by  dentists  has  a  direct  impact  on  tooth  decay  and  periodontal  disease. 
The  prescription  of  eyeglasses  by  an  ophthalmologist  or  an  optometrist 
can  remedy  abnormal  distance  vision.  Pediatricians  also  play  an  impor- 
tant role  in  eye  care  because  they  often  are  responsible  for  examining 
a  youth's  eyes  initially  and  referring  his  parents  to  an  eye  specialist 
if  necessary.  Finally,  all  of  the  health  measures  excluding  vision  re- 
flect basic  nutritional  factors  that  can  be  modified  by  the  appropriate 
diet.    These  measures  are  described  in  detail  below. 

The  periodontal  index  (APERI)  is  a  good  overall  indicator  of  oral 
health  as  well  as  a  positive  correlate  of  nutrition  (Russell  1956). 
Kelly  and  Sanchez   (1972,  pp.  1-2)  describe  the  periodontal  index  as  fol- 
lows: 

Every  tooth  in  the  mouth  ...  is  scored  according  to  the 
presence  or  absence  of  manifest  signs  of  periodontal 
disease.    When  a  portion  of  the  free  gingiva  is  inflamed, 
a  score  of  1  is  recorded.    When  completely  circumscribed 
by  inflammation,  teeth  are  scored  2.     Teeth  with  frank 
periodontal  pockets  are  scored  6  when  their  masticatory 
function  is  unimpaired  and  8  when  it  is  impaired.  The 
arithnetic  average  of  all  scores  is  the  individual's 
[periodontal  index] ,  which  ranges  from  a  low  of  0.0 
(no  inf lajrjr.ation  or  periodontal  pockets)  to  a  high  of 
8.0  (all  teeth  with  pockets  and  impaired  function). 

It  is  clear  from  this  description  that  higher  values  of  the  periodontal 
index  correspond  to  poorer  dental  health.    Our  measure,  APERI,  is  scaled 
somewhat  differently  from  that  described  above  in  order  to  remove  the 
well-known  age  and  sex  trends  in  the  periodontal  index.    APERI  is  com- 
puted as  the  difference  between  the  adolescent's  actual  periodontal  index 
and  the  mean  index  for  his  or  her  age-sex  group  divided  by  the  standard 
deviation  for  that  age-sex  group.11    A  similar  method  of  age  and  sex 


...  - 

standardization  is  used  for  our  other  measure  of  oral  health,  the  number 

of  decayed  permanent  teeth  (IDECAY).    We  employ  two  measures  of  dental 

health  because  it  is  one  of  the  fev  health  problems  for  which  veil- 

defined  continuous  health  measures  have  been  developed. 

Obesity  is  represented  by  a  dichotomous  variable  that  equals  one 

If  the  physician  rates  the  youth  as  obese  or  very  obese  (OBESE).  The 

physician  presumably  takes  account  of  the  youth's  height,  age,  and  sex 

in  making  his  evaluation. 

Anemia  is  represented  by  a  dichotomous  variable  that  equals  one  if 
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the  youth's  hematocrit  level  is  "excessively"  low  (ANEMIA).  The 
hematocrit  level  of  a  female  youth  is  considered  to  be  excessively  low 
if  it  is  more  than  two  standard  deviations  below  the  mean  for  all  females 
12  to  17  years  of  age.    The  hematocrit  level  of  a  male  youth  is  con- 
sidered to  be  excessively  low  if  it  is  more  than  two  standard  deviations 
below  the  mean  for  all  males  in  his  stage  of  sexual  maturity.    This  pro- 
cedure is  based  on  Daniel's  (1973)  findings  that  (1)  hematocrit  values 
differ  by  sex;   (2)  these  values  depend  on  sexual  maturity  rather  than 
age  for  male  adolescents;  and  (3)  hematocrit  levels  are  independent  of 
age  and  sexual  maturity  for  female  adolescents.^ 

Abnormal  corrected  distance  vision  is  denoted  by  a  dichotomous  vari- 
able that  equals  one  if  a  youth  wears  glasses  and  his  corrected  binocular 
distance  vision  is  20/40  or  worse  or  if  a  youth  does  not  wear  glasses  and 
his  uncorrected  binocular  distance  vision  is  20/40  or  worse  (PVTS).  This 
standard  of  abnormal  distance  vision  is  the  one  used  by  National  Center 
for  Health  Statistics  (1972). 

It  is  instructive  to  consider  measures  of  adolescent  health  that  are 
excluded  by  our  selection  criteria.     Abnormal  hearing  is  subject  to 


nodical  intervention,  but  the  prevalence  rate  of  this  condition  1*  less 
than  1  percent  in  the  HES.    Hence,  it  Is    fax  too  rare  to  pose  •  threat 
to  the  future  lifetime  well-being  of  s  significant  percentage  of  adoles- 
cents.    High  blood  pressure  is  not  studied  because  there  is  a  lack  of 
consensus  arsong  pediatricians  concerning  the  importance  of  this  condi- 
tion in  adolescence  and  the  appropriate  treatment  (National  Heart,  Lung, 
and  Blood  Institute's  Task  Force  1977).    Moreover,  the  measures  of  high 
blood  pressure  in  Cycle  III  axe  sonevhat  suspect  (National  Center 'for 
Health  Statistics  1977).    Congenital  abnormalities  axe  a  source  of 
current  arid  future  difficulties,  but  we  do  not  study  then  because  to  a 
large  extent  they  axe  irreversible.    Paxental  ratings  of  adolescent 
i  health  and  other  subjective  indicators  axe  avoided  because  of  the  pos- 
sibility that  responses  depend  on  the  parents'  socioeconomic  status. 
Parents  with  low  levels  of  income  and  schooling  are  likely  to  be  dis- 
satisfied with  many  aspects  of  their  life  including  the  health  of  their 
offspring.    Finally,  we  do  not  include  measures  relating  to  the  "new 
morbidity"  such  as  "learning  difficulties  and  school  problems,  behavioral 
disturbances,  ...  and  the  problems  of  adolescents  in  coping  and  adjust- 
ing ..."   [see  Haggarty,  Roghmann  and  Pless  (1975),  p.  316],     While  such 
measures  may  well  reflect  life  styles  that  have  serious  health  conse- 
quences, they  axe  unlikely  to  be  revealed  in  a  physical  exam.    Nor  are 
they  likely  to  be  easily  altered  by  preventive  medical  care.  Although 
examination  of  these  and  other  excluded  health  measures  would  be  neces- 
sary to  paint  a  complete  picture  of  the  health  of  this  adolescent  cohort, 
it  is  not  relevant  to  the  objectives  of  this  paper. 


B.    Measurement  of  Preventive  Dental  and  Medical  Care 

Preventive  dental  care  is  measured  by  a  dichotomous  variable  that 
equals  one  if  the  youth  saw  a  dentist  for  a  check-up  within  the  past 
year  (DTPREV) .     Similarly,  preventive  pediatric  care  is  measured  by  a 
dichotonous  variable  that  equals  one  if  the  youth  saw  a  doctor  for  a 
check-up  within  the  past  year  (DRPREV).    These  variables  distinguish 
between  two  groups  of  adolescents:     (1)  those  who  received  preventive 
care;  and  (2)  those  who  received  no  care  at  all  or  only  curative  care. 
These  two  measures  of  preventive  care  are  preferred  to  alternatives  like 
the  number  of  dental  or  physician  visits  or  the  receipt  of  curative  care 
alone  because  our  measures  are  less  likely  to  reflect  reverse  causality 
from  poor  health  to  more  medical  care.     Of  course,  our  measures 
reflect  the  possibility  that  adolescents  received  treatment  as  veil  as 
an  examination,  but  the  appropriate  treatment  of  problems  revealed  by 
an  annual  check-up  is  an  integral  component  of  preventive  care. 

Fluoridation  is  indicated  by  a  dichotomous  variable  that  is  equal 
to  one  if  the  community  in  which  the  youth  resides  uses  naturally  fluo- 
ridated or  controlled  fluoridated  water  (FLUOR) .     Naturally  f luroridated 
communities  are  serviced  by  a  water  supply  system  that  contains  a  natu- 
ral fluoride  content  of  0.7  parts  per  million  or  higher.    They  are  iden- 
tified by  the  Division  of  Dental  Health  of  the  National  Institutes  of 
Health  (1969).     Controlled  fluoridated  corr-mnities  are  those  that  have 
adjusted  the  fluoride  content  of  their  water  supply  systems  to  the 
optimum  level.    They  are  identified  by  the  Division  of  Dental  Health  of 
the  National  Institutes  of  Health  (1970).     For  youths  who  reside  in  con- 
trolled communities ,  the  fluoridation  variable  equals  one  only  if  the 


date  on  which  that  youth  was  examined  in  the  HES  succeeds  the  date  on 
which  the  corniunity  adjusted  the  fluoride  content  of  its  water  supply 
system.    This  insures  that  youths  in  controlled  communities  actually 
were  exposed  to  fluoridated  water.14 

c«     The  Pediatrician  and  Dentist  Availability  Measures 

The  youths  in  Cycle  III  were  selected  from  38  distinct 
primary  sampling  units.     The  primary  sampling  unit  is  a  county  or  a 
group  of  several  contiguous  counties,  some  of  which  fona  a  standard 
metropolitan  statistical  area.    We  obtained  data  on  the  number  of  den- 
tists per  capita  (DENT)  in  each  youth's  primary  sampling  unit  (hereafter 
termed  his  county  or  community  of  residence)  for  the  year  1968  (the  aid- 
year  of  the  Cycle  III  survey)  from  publications  of  the  American  Dental 
Association.    The  number  of  pediatricians  is  not  available  for  the  years 
during  which  the  HES  was  conducted  (1966-70).    Therefore,  we  use  the  num- 
ber of  pediatricians  per  capita  in  the  county  of  residence  (FED)  for  the 
year  1964  from  the  American  Medical  Association  (Theodore  and  Sutter 
1965). 15    we  believe  that  the  number  of  pediatricians  in  1964  is  a 
good  proxy  for  the  number  in  1968.    Although  youths  receive  medical  care 
from  other  types  of  physicians-general  practitioners,  internists,  and 
ophthalmologists-these  physicians  also  service  adults  while  pediatricians 
do  not.    Therefore,  we  focus  on  pediatricians  as  the  most  important  sup- 
pliers of  physicians'  services  to  youths.16 

D«    Measurement  of  Other  Explanatory  Variables 

K.my  of  the  remaining  explanatory  variables  called  for  in  Section  II 
require  no  further  elaboration.    Parents'  educational  attainment  and  family 


income,  for  exa-ople,  are  adequately  described  In  Table  1.    Some  of  the 
other  variables  listed  in  Table  1,  however,  do  require  additional  ex- 
planation. s 

Family  size  is  represented  by  the  number  of  people  in  the  family  who 
are  under  20  years  of  age  at  the  tine  of  the  Cycle  III  interview  (LESS20) • 
Consequently,  it  may  overstate  or  understate  actual  completed  family  size. 

Three  measures  of  the  family's  efficiency  in  producing  healthy  chil- 
dren are  included  in  addition  to  the  parents'  educational  attainment. 
These  are  dichotcoous  variables  that  identify  youths  whose  mothers  were 
under  age  20  when  the  youths  were  born   (LMAG)  ,  youths  from  hones  in  which 
a  foreign  language  is  spoken  (PLANG) ,  and  youths  who  live  with  their  moth- 
ers only   (NOFATH).     Young  mothers  are  notoriously  less  efficient  at  con- 
tracepting  and  may  be  similarly  less  efficient  in  producing  healthy  off- 
spring.   Foreign  bom  families  are  likely  to  exhibit  differences  in 
household  productive  efficiency.    The  absence  of  her  spouse  from  the 
household  is  likely  to  hinder  the  mother's  .allocative  efficiency  in  se- 
lecting the  input  mix  with  which  to  produce  health.     The  absence  of  a 
father  also  impinges  upon  the  amount  of  time  that  a  mother  can  spend  with 
her  children.*"' 

The  youth's  endowed  health  status  is  represented  by  four  variables 
relating  to  his  early  health.    The  first  two  (LIGHTl,  LIGHT2)  are  dummy 
variables  identifying  youths  of  low  birth  weight.     Low  birth  weight  is 
a  typical  indicator  of  a  less  healthy  birth  outcome  (for  example,  Birch 
and  Gussow  1970).     Birth  weight  was  obtained  from  the  youth's  birth 
certificate.     Since  birth  certificates  are  missing  for  approximately  25 
percent  of  the  sample  and  since  we  do  not  focus  on  the  effects  of  birth 
weight,  we  do  not  delete  these  observations.     Instead,  we  include  a 


durmy  variable  that  identifies  youths  with  missing  birth  certificates 
(BWUK)  in  the  regression  estimates.    The  third  endowment  measure  is  a 
durxny  variable  identifying  youths  whose  mothers  were  over  35  years  old 
at  the  youth's  birth  (K4AG).    The  rationale  for  including  this  variable 
is  that  older  mothers  are  more  likely  to  have  offspring  with  health 
defects.    The  last  of  these  measures  is  a  dummy  variable  which  identi- 
fies youths  whose  parents  reported  a  medical  difficulty  with  the  youth 
before  the  age  of  one  year  (FYPH) .    Although  parents'  reports  of  youths' 
medical  problems  before  the  age  of  one  year  are  subject  to  recall  error, 
the  first  year  of  a  child's  life  is  likely  to  stand  out  in  his  parents' 
minds  relative  to  other  stages  in  his  life  cycle.    Therefore,  we  be- 
lieve that  the  measurement  error  in  this  variable  is  small. 

Our  current  health  indicator  is  used  as  a  proxy  for  the  child's 
luimeasured  genetic  health  endowment  and  his  health  history  beyond  age 
one.    This  indicator  is  the  presence  of  at  least  one  significant  abnor- 
ntlity  as  reported  by  the  HES  physician  who  examined  the  youth  (ABN) . 
^normalities  include  heart  disease,  neurological,  muscular,  or  joint 
conditions;  other  major  diseases?  and  otitis  media.     Except  for  the 
last  condition,  which  constitutes  a  relatively  small  percentage  of  all 
reported  abnormalities,  these  health  problems  are  to  a  large  extent 
congenital  and  irreversible. 

We  also  control  for  several  other  characteristics  of  the  youth  which 
are  not  necessarily  health  related  but  may  cause  him  to  receive  better  or 
worse  treatment  within  the  family.    They  are  his  birth-order  (FIRST)  and 
whether  or  not  he  is  a  twin  (TWIN).    First  bom  youths  (or  non-twins) 
will  have  greater  access  to  individual  parental  attention  because  they 


Arrived  In  the  family  first  (or  they  arrived  alone).    In  addition,  the 
youth's  age  (AGE)  and  sex  (MALE)  are  included  in  regressions  in  which 
the  dependent  variable  is  not  adjusted  for  age  and  sex  (i,#v.  when  the 

dependent  variable  is  either  obesity,  abnormal  corrected  distance 
vision,  preventive  dental  care,  or  preventive  pediatric  care). 

Finally,  three  region  variables  (NEAST,  MWEST,  SOUTH)  and  four 
sizes  of  place  of  residence  variables  (URBl,  URB2,  URB3 ,  NURB)  are  in- 
cluded to  control  for  regional  differences  that  are  not  otherwise  taken 
into  account.    We  are  agnostic  about  the  nature  of  these  differences, 
but  want  to  avoid  the  possibility  that  the  health  manpower  and  fluo- 
ridation effects  are  biased  by  an  omission  of  unmeasured  regional  char- 
acteristics. 

.- 

Ill,    Empirical  Results 
In  this  section  we  present  estimate  equations   (1)  and  (3)  and  com- 
pute the  total  impact  of  family  characteristics  and  health  manpower 
availability  on  adolescent  health  as  given  in  equation  (4).  Equations 
(1)  and  (3)  form  a  recursive  system  which  can  be  estimated  using  single 
equation  techniques  as  long  as  E (u^  u^)  »  0.     We  make  this  assumption 
here.     Although  all  the  dependent  variables  except  the  two  oral  health 
measures  are  dichotomous,  the  method  of  estimation  is  ordinary  least 
squares.     Preliminary  investigation  revealed  almost  no  differences  be- 
tween ordinary  least  squares  estimates  and  dichotomous  logit  estimates 
obtained  by  the  method  of  maximum  likelihood.     When  the  dependent  varia- 
ble is  dichotomous  the  fitted  equation  can  be  interpreted  as  a  linear 
probability  function  in  which  the  regression  coefficient  of  a  given 
independent  variable  represents  the  change  in  the  conditional  probability 


of  poor  physical  health  or  receipt  of  preventive  care  for  a  one-unit 
change  in  the  independent  variable.    The  resultant  estimate*  also  em- 
body the  assumption  that  several  variables  that  may  be  considered 

endogenous  (mother's  labor  force  status  and  family  site,  for  example) 

IB 

are  exogenous  to  adolescent  health.        Finally,  our  estimates  cannot 
be  unambiguously  interpreted  as  production  functions  or  derived  de- 
mand equations  because  insufficient  data  forced  us  to  use  proxy  mea- 
sures for  some  of  the  explanatory  variables. 

Estimates  of  the  dental  health  production  functions  and  the  pre- 
ventive dental  care  demand  function  are  discussed  in  the  first  part  of 
this  section.    The  physical  health  production  functions  and  the  pre- 
ventive pediatric  care  demand  function  are  discussed  in  the  second 
part.    Both  discussions  are  centered  on  answering  the  questions  posed 
in  the  introduction  concerning  the  roles  of  the  family,  preventive  care, 
and  health  manpower  availability  in  determining  adolescent  health.  In 
examining  the  results,  it  is  important  to  remember  that  the  five  health 
measures   (AFEKI ,  I DECAY,  03ESE,  PVIS,  ANEMIA)  are  negative  correlates 
of  good  health,  so  that  negative  effects  of  independent  variables  in  the 
production  functions  reflect  factors  associated  with  better  health  out- 
comes.    The  two  preventive  medical  care  measures   (DTP REV,  DRPREV) ,  on 
the  other  hand,  are  positive  correlates  of  care;  thus  positive  effects 
of  independent  variables  in  the  demand  functions  reflect  factors  asso- 
ciated with  higher  propensities  to  obtain  preventive  care. 

X.    Oral  Health  N    .  . 

Estimates  of  the  oral  health  production  functions  and  the  preven- 
tive care  demand  function  are  in  Tables  2  and  3,'  respectively.     When  the 
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TABLE  3 

Ordinary  Least  Squares  Estimate  of  Preventive  Dental  Care  Demand  Function* 


Independent      Regression  Independent  Regression 

Variable         Coefficient    t-Ratio        Variable         Coefficient  t-Ratio 


FE DUCAT 

.009 

3.22 

LIGHT2 

*-»  J-  W  1 1  A  A 

r\~it\ 
.  u/u 

1  QJ 

1.84 

ME DUCAT 

.023 

7.27 

.  uub 

0.32 

FLUOR 

.003 

0.20 

ARM 

—  .  002 

-0. 14 

DENT 

.170 

4.05 

FYPH 

.018 

0.88 

FINC 

NOFATH 

-.025 

-1.04 

LESS  20 

-.033 

-7.95 

—  .  OJ7 

-1.79 

MWORKFT 

-.034 

-2.07 

TWIN 

-.002 

-0.00 

MWORKPT 

.044 

2  30 

FIRST 

.007 

0.49 

NEAST 

.046 

2  24 

AGE 

-.006 

-1.53 

-  MWEST 

.041 

2  17 

MALE 

-.  022 

-1.67 

SOUTH 

-.017 

-0.83 

Van 

—  .  OOo 

-0.  37 

CONSTANT 

.331 

URB2 

-.016 

-0.64 

Adj.  R2 

.150 

URB3 
NURB 

.003 
-.029 

0.14 
-1.37 

b 

F 

27.02 

LMAG 

-.065 

-2.53 

HMAG 

-.018 

-0.75 

LIGHT1 

.054 

0.79 

*The  critical 

t-ratios 

at  the  5 

percent  level 

of  significance 

are 

1.64  for  a  one-tailed  test  and  1.96  for  a  two-tailed  test, 
b 

Statistically  significant  at  the  1  percent  level  of  significance. 


lumber  of  decayed  permanent  teeth  (I DECAY)  is  the  dependent  variable,  two 
production  functions  are  estimated.    The  first  contains  the  same  eet  of 
independent  variables  as  the  periodontal  index  (XPERT)  regression,  while 
the  second  includes  AFERI  as  an  additional  independent  variable.  It 
has  been  suggested  by  Russell'  (1956)  that  variations  in  APERI  result 
largely  from  genetic  factors.     If  these  genetic  factors  are  correlated 
with  the  home  environment  and  imperfectly  measured  by  the  health  endow- 
ment variables,  the  second  regression  will  give,  a  more  accurate  estimate 
of  the  effects  of  the  home  environment  on  I DECAY  than  the  first.  Of 
course,  APERI  has  an  environmental  component  as  well  as  a  genetic  compo- 
nent (as  is  evident  from  our  estimate  in  Table  2).    Therefore,  the  two 

I DECAY  regressions  contain  upper  and  lower  bound  estimates  of  the  impact 
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of  the  environment  on  IDECAY. 

Most  notable  among  the  results  are  the  large  significant  impacts  of 
a  preventive  dental  visit  on  both  the  periodontal  index  and  the  decay  in- 
dex. ^    The  coefficient  estimates  imply  that  adolescents  who  did  not  have 
a  preventive  checV.-up  within  the  past  year  have  periodontal  indices  and 
decay  scores  that  are  each  about  .3  of  a  standard  deviation  worse  than 
adolescents  who  received  a  check-up.    When  APERI  is  included  in  the  decay 
equation,  the  decay  differential  between  the  two  groups  of  adolescents 
declines  to  .2  but  remains  statistically  significant.    To  gauge  the  mag- 
nitudes of  these  effects,  recall  that  APERI  and  IDECAY  have  means  of 
approximately  zero  and  standard  deviations  of  approximately  one.  There- 
fore, the  oral  health  differentials  associated  with  absence  of  preventive 
care  are  relatively  large}  they  range  froa  20  to  30  percent  of  the  stand- 
ard deviations  in  the  scores.    Moreover,  the  differentials  apply  to  a 


substantial  proportion  of  the  sample i     30  percent  of  the  youths  in  the 

HES  did  not  have  a  check-up  in  the  past  year.    These  findings  underscore 

.  »* 

the  efficacy  of  preventive  dental  care.  ^£ 

The  results  pertaining  to  a  publicly  provided  form  of  preventive 
care — water  fluoridation — are  also  strong.    Youths  exposed  to  fluori- 
dated water  (FLUOR)  have  significantly  better  oral  health  than  other 
youths  at  all  conventional  levels  of  confidence.21    The  fluoridation 
differentials  are  smaller,  however,  than  the  corresponding  preventive 
dental  care  differentials  in  oral  health.    For  example,  the  fluorida- 
tion coefficient  in  the  periodontal  index  equation  is  one-third  as 
large  as  the  preventive  dental  care  coefficient.    In  the  decay  equa- 
tions, the  ratio  of  the  two  coefficients  ranges  from  three-fifths  to 
two-thirds.    Nevertheless,  given  that  the  per-child  cost  of  fluorida- 
tion is  substantially  below  the  cost  of  a  preventive  dental  visit, 
this  remains  a  cost-effective  method  of  improving  dental  health. 

Let  us  turn  now  to  the  role  of  the  family  in  determining  adolescent 
dental  health  levels.    The  four  characteristics  of  the  family  environ- 
ment we  focus  on  are  parents  education  (KE DUCAT,  FE DUCAT) ,  family  income 
(FINC),  family  size   (LESS20) ,  and  mother's  labor  force  status  (KWORKFT, 
r-WORXPT).    An  overview  of  the  production  function  estimates  in  Table  2 
r=veals  that  all  six  variables  have  statistically  significant  effects  in 
the  expected  directions  (with  the  exception  of  mother's  labor  force 
status  in  the  periodontal  index  equation).    Children  of  more  educated 
parents  have  better  oral  health,  as  do  children  from  families  with 
higher  income i  while  children  whose  mothers'  are  employed  full-time  or 
who  come  from  larger  families  have  poorer  health.     The  impacts  of  these 
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variables  on  I  DECAY  are  reduced  In  absolute  value  vhen  APERI  Is  held  constant, 
but  the  pattern  of  statistical  significance  Is  not  dramatically  altered  (only 
the  coefficient  of  father's  schooling  becomes  insignificant).    It  Is  clear,  then, 
that  these  family  characteristics  have  an  important  impact  on  adolescent  dental 

health. 

Ve  interpret  these  findings  as  evidence  that  the  home  environment  plays  an 
important  role  in  determining  children's  health.    It  can  be  argued,  however, 
that  our  results  do  not  really  constitute  strong  evidence  In  favor" of  "nurture" 
because  of  the  likelihood  of  positive  correlations  first  between  these  family 
characteristics  and  the  parents'  health  and  second  between  the  genetically  deter- 
mined components  of  parents'  and  childrens'  health.    Put  differently,  this  argu- 
ment states  that  family  characteristics  such  as  Income  or  parental  education 
.largely  reflect  genetic  health  factors.    For  example,  parents  who  are  themselves 
healthy  are  more  likely  to  be  In  the  labor  force  and  will  have  higher  earnings 
Or,  parents  who  have  had  a  healthy  childhood  and  adolescence  are  more  likely' to 
have  attained  a  higher  level  of  education.    Two  of  our  findings,  however,  cast 
doubt  on  the  applicability  of  this  argument  In  our  case.    First,  when  we  Include 
APERI  in  the  decay  equation  in  an  effort  to  more  fully  control  for  genetic  factors, 
*e  still  find  that  these  family  environment  variables  have  significant  Impacts  on 
I DECAY.    This  is  noteworthy  because  the  Inclusion  of  APERI  is  likely  to  bias  the 
coefficients  of  the  family  environment  variables  toward  zero  (see  note  19). 

A  second  and  stronger  reason  revolves  around  the  coefficients  of  the  educa- 
tional attainment  of  the  two  parents.    If  the  education  effect  is  primarily 
genetic,  we  would  expect  the  coefficients  of  both  mother's  and  father's  education 
to  be  equal  because  both  parents  make  an  equal  genetic  contribution  to  the  child. 
On  the  other  hand,  if  the  education 


effect  is  primarily  environmental,  we  would  expect  the  Impact  of  the 
mother's  education  to  be  larger  because  she  is  the  family  member  most 
concerned  with  the  children's  health  care.    In  Table  2  we  observe 

that  in  every  case  the  coefficient  of  mother**  education  exceeds  that 
of  father's  education.    In  addition,  despite  a  high  correlation  be- 
tween the  two  education  variables  (r  -  .61),  the  difference  in  coeffi- 
cients is  always  statistically  significant  at  the  10  percent  level.23 
Thus,  our  results  clearly  indicate  that  the  family  environment,  and  in 
particular,  the  mother's  education,  plays  an  important  role  in  pro- 
ducing healthy  children. 

Besides  having  an  important  impact  on  the  production  of  health, 
family  characteristics  work  to  improve  adolescent  health  by  increasing 
the  probability  that  an  adolescent  receives  preventive  care.     In  Table 
3  we  see  that  all  six  of  the  family  variables  have  significant  impacts 
on  the  probability  that  an  adolescent  received  preventive  care.  Chil- 
dren from  families  with  higher  annual  income,  more  educated  parents, 
and  in  which  the  mother  works  part-time,  are  more  likely  to  receive 
preventive  care,  while  children  from  larger  families  or  families  where 
the  mother  works  full-time  are  less  likely  to  receive  preventive  care. 
As  an  example  of  the  magnitude  of  these  effects,  the  probability  that  a 
child  received  preventive  care  in  the  previous  year  increases  by  about 
two  percentage  points  for  each  additional  year  of  education  received  by 
the  mother  and  declines  by  about  three  percentage  points  for  each  addi- 
tional child  in  the  family.     Once  again  we  believe  that  these  results 
reflect  environmental  rather  than  genetic  influences:     the  mother's 
education  coefficient  is  more  than  twice  as  large  as  the  father's 


education  coefficient  and  the  difference  between  then  ii  statistically 
significant   (t  -  2.82). 

To  determine  the  total  effect  of  family  characteristics  on  health— 
both  ths  direct  effect  embodied  in  the  production  function  estimates  and 
the  indirect  effect  that  operates  through  the  family's  proclivity  to  ob- 
tain preventive  care — we  compute  the  total  impact  of  these  family  char- 
acteristics in  Table  4.    The  reported  coefficients  are  analogous  to  the 
sum  (B^  -f  83  a^)  in  equation  (4). 24    Comparison  of  the  coefficients  in 
Tables  3  and  4  indicates  that  the  total  impact  is  from  10  to  100  percent 
greater  than  the  "direct"  effect  alone.    We  also  observe,  as  before,  a 
large  and  statistically  significant  (at  the  5  percent  level)  difference 

between  the  impacts  of  fathers'  and  mother's  education,  again  lending 

25 

support  to  our  conclusion  that  "nurture"  matters. 

With  regard  to  the  role  of  health  manpower,  we  see  that  it  has  a 
large  significant  effect  on  the  family's  propensity  to  obtain  preven- 
tive care  for  its  children  (Table  3).    An  increase  of  one  dentist  per 
thousand  population  increases  the  probability  that  adolescents  visited 
tha  dentiBt  for  preventive  care  in  the  previous  year  by  17  percentage 
i~i..ts.    This  estimate  is  identical  to  one  obtained  by  Manning  and  Phelps 

(1978)  and  is  insensitive  to  the  exclusion  of  region  and  size  of  place  of 
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residence  from  the  equation.        The  implied  effect  on  adolescent  health 
(assuming  that  dentist  availability  has  no  direct  impact  on  adolescent 
health  but  operates  only  by  increasing  the  family's  propensity  to  obtain 
preventive  care)  is  given  in  Table  4  and  ranges  from  -.036  to  -.047  of  a 
standard  deviation  in  the  dental  health  measures.27    Thus,  an  increase 
in  the  number  of  dentists  in  an  area  by  one  per  thousand  population  is 


TABLE  4 

Total  Impacts  (Direct  and  Indirect)  oF&~ 
Selected  Variables  on  Oral  Health 


Oral 
>v  Health 
Measure 
Variable  >^ 

APERI 

I DECAY 

I DECAY 
(with  APERI) 

FE DUCAT 

-.018 

-.013 

• 

-.009 

MEDOCAT 

-.036 

-.034 

-.026 

DENT 

-.043 

-.047 

-.036 

FINC 

-.010 

-.018 

.  -.015 

LESS 20 

.044 

.032 

.021 

MWORKFT 

.055 

.097 

.084 

MWORKPT 

-.018 

.043 

.048 

equivalent  in  its  effect  on  dental  health  to  an  increase  In  the  level  of 
the  mother's  education  by  one  and  one-third  years. 

It  should  be  noted  that  the  positive  impact  of  dentists  on  the  pro- 
pensity to  obtain  a  check-up  is  unlikely  to  reflect  demand  manipulation 
by  dentists.    The  concept  of  demand  manipulation  refers  to  the  ability  of 
health  personnel  to  shift  the  demand  curve  for  their  services,  when  all 
direct  and  indirect  costs  of  these  services  are  held  constant.    In  his 
extensive  treatment  of  this  phenomenon,  Pauly  (forthcoming)  shows 'that 
the  demand  manipulation  effect  should  be  larger  in  a  sample  of  consumers 
with  positive  utilization  than  in  a  sample  of  all  consumers.  Moreover, 
his  model  gives  no  basis  for  expecting  a  demand  manipulation  effect  in 
an  equation  that  explains  the  probability  of  a  check-up.    Based  on  these 
considerations,  we  view  the  dental  manpower  variable  as  reflecting  the 
importance  of  information,  entry,  travel,  waiting,  and  direct  costs  in 
the  parents'  decision  to  obtain  preventive  dental  care  for  their  off- 
spring. 

Most  of  the  other  results  in  Table  3  are  consistent  with  our  ex- 

28 

pectations  and  will  not  be  discussed.        We  do  wish  to  point  out,  how- 
ever, that  although  fluoridation  does  have  a  significant  impact  on 
dental  health,  it  is  not  significantly  related  to  the  probability  of 
obtaining  preventive  dental  care.    This  is  not  surprising  since  from  a 
theoretical  point  of  view  either  a  positive  or  negative  relationship 
could  be  predicted.     If  fluoridation  is  regarded  as  an  increase  in  the 
child's  health  endowment,  the  quantity  of  care  demanded  should  fall. 
On  the  other  hand,  if  the  increased  endowment  also  increases  the  mar- 
ginal product  of  preventive  care,  or  if  it  lowers  the  psychic  costs 


of  obtaining  care  by  reducing  the  severity  of  the  tooth  decay  uncovered 

by  a  preventive  check-up,  a  positive  effect  on  the  quantity  of  care  de- 
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manded  would  be  predicted.       Both  type*  of  results  have  been  reported 

in  other  studies.    Manning  and  Phelps  (1978)  report  nixed  effects  of 
duration  of  exposure  to  fluoridation  on  the  propensity  to  obtain  pre- 
ventive dental  check-ups  for  white  children  below  the  age  of  15  in  a 

1570  health  survey  conducted  by  the  National  Opinion  Research  Center. 
Upton  and  Silverman  (1972)  use  1966  data  for  15  midwestern  towns,  "half 
of  which  used  fluoridated  water,  and  report  fewer  restorations  of  chil- 
dren's permanent  teeth  in  the  fluoridated  towns. 

We  conclude  this  subsection  by  using  our  results  to  estimate  the 
impacts  of  three  government  programs  to  improve  the  oral  health  of 
youths.    First,  consider  a  $1,000  income  transfer  to  low-income  families. 
As  shown  by  the  reduced-form  coefficients  of  PINC  in  Table  4,  the  trans- 
fer would  lower  the  periodontal  index  of  youths  from  these  families  by 
.01  points  and  would  lower  their  decay  index  by  .02  points.     (Such  a 
program  would  naturally  also  have  other  beneficial  effects  on  children 
and  their  families.)     Next  consider  a  program  to  reduce  or  eliminate 
regional  differences  in  the  number  of  dentists  per  thousand  population. 
Dentists  are  more  numerous  in  urban  areas  than  in  rural  areas.    To  take 
two  sites  in  the  HES,  there  were  1.1  dentists  per  thousand  population  in 
San  Francisco,  California,  while  there  were  .2  dentists  per  thousand 
population  in  San  Benito,  Texas.    Suppose  that  this  difference  were  elimi- 
nated by  raising  the  number  of  dentists  in  San  Benito  by  one  per  thousand 
population.    Then  the  periodontal  index  of  youths  in  San  Eenito  would  fall 
by  .04  points,  and  their  decay  index  would  fall  by  .05  points.30  Finally, 


consider  an  80  percent  reduction  in  the  price  of  a  dental  check-up  a*  a  re- 
sult of  the  enactment  of  a  national  health  insurance  plan  for  dental  car* 
with  a  20  percent  co-insurance  rate.    Based  on  research  by  Manning -and 
Phelps  on  the  impact  of  price  on  the  propensity  to  obtain  preventive 
dental  care  for  children  and  youths,  we  estimate  that  such  a  policy 
would  raise  the  probability  of  obtaining  care  by  16  percentage  points. 
This  would  improve  both  the  periodontal  and  the  decay  scores  by  .04 
points. 

We  view  the  above  computations  as  illustrative  rather  than  defini- 
tive.   To  choose  among  the  three  programs,  information  on  the  cost  of 
each  program  and  on  the  number  of  youths  affected  clearly  is  required. 
Moreover,  as  indicated  in  Section  I,  definitive  computations  of  impact 
effects  should  take  account  of  the  supply  elasticity  of  dental  care  and 
the  exact  nature  of  the  relationship  between  dental  manpower  and  the  in- 
direct costs  of  obtaining  dental  care. 

B.     Physical  Health 

Estimates  of  the  physical  health  production  functions  and  the  pre- 
ventive care  demand  function  appear  in  Tables  5  and  6,  respectively, 
looking  first  at  the  production  function  estimates,  we  are  struck  by  the 
fact  that  these  physical  health  measures  are  much  less  amenable  to  sta- 
tistical explanation  than  are  the  dental  health  measures.    Of  course, 
2 

lower  R  '  s  would  be  expected  for  the  three  physical  health  measures  be- 
cause they  are  dichotomous  rather  than  continuous.    But  many  fewer  ex- 
planatory variables  are  statistically  significant  in  the  physical  health 
case.    Clearly  unmeasured  genetic  or  "luck"  factors  play  a  much  larger 
role  in  the  case  of  these  health  measures. 
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TABLE  6 

Ordinary  Least  Squares  Estimate  of  Preventive 
Pediatric  Care  Demand  Function* 


Independent 
Variable  . 

Pegression 
Coefficient 

t-Ratio 

Independent 
Variable 

—  135 
Pegression 
Coefficient 

t-Ratio 

FEDUCAT 

.013 

4.28 

LIGHT1 

-.031 

-0.40 

ME DUCAT 

.007 

1.82 

LIGHT2 

.063 

1.47 

PED 

.675 

1.97 

EWUX 

.001 

.  0.10 

FINC 

.  005 

2.59 

ABM 

.094 

5.00 

LESS20 

-.017 

-3.60 

FYPH 

.042 

1.81 

mwor>;ft 

.015 

0.80 

NOFATH 

-.071 

-2.61 

MWORKPT 

.005 

0.24 

FLANG 

.017 

0.72 

KEAST 

.062 

2.77 

TWIN 

-.025 

-0.49 

MWEST 

-.031 

-1.50 

FIRST 

.058 

3.47 

SOUTH 

-.021 

-0.91 

AGE 

.004 

0.95 

URB1 

.021 

0.87 

MALE 

.064 

4.30 

URB2 

.036 

1.34 

URB3 

-.014 

-0.61 

CONSTANT 

.192 

• 

NURB 

(  -.037 

-1 . 56 

Adj.  R2 

.067 

LMAG 

-.032 

-1.09 

HMAG 

-.055 

-2.09 

F 

11.99b 

a 

The  critical  t-ratios 

at  the  5 

percent  level  of  significance 

are 

1.64  for  a  one 

-tailed  test 

and  1.96 

for  a  two-tailed  test. 

Statistically  significant  at  the  1  percent  level  of  significance. 


In  contrast  to  the  results  for  preventive  dental  care,  there  is 
little  evidence  that  preventive  medical  care  is  efficacious.  Youth* 
who  saw  a  doctor  for  a  check-up  within  the  peat  year  (DRPREV)  have  one- 
half  percentage  point  smaller  probabilities  of  being  obese  or  of  having 
abnormal  corrected  distance  vision  than  other  youths,  and  a  one-fifth 
percentage  point  higher  probability  of  having  anemia.    None  of  these 
three  differentials  is  statistically  significant.    One  possible  ex- 
planation for  these  findings  is  that  there  are  fairly  long  lags  between 
the  receipt  of  preventive  care  and  an  improvement  in  physical  health. 
Alternatively,  one  might  argue  that  physicians  play  a  minor  role  in  the 
outcomes  studied  here  relative  to  unmeasured  endogenous  inputs  auch  as 
proper  diet.    The  non-significant  impact  of  preventive  care  also  means 
that  family  characteristics  operate  on  health  only  through  the  produc- 
tion function.    There  are  no  indirect  effects  of  the  various  family  dhar 
acteristics  on  physical  health,  only  direct  effects.    Consequently,  we 
do  not  present  a  table  of  "total"  effects  (comparable  to  Table  4)  in 
the  case  of  the  physical  health  measures. 

The  relationship  between  family  characteristics  and  health  is 
also  much  weaker  in  the  case  of  physical  health.    Most  of  the  six 
family  characteristics  variables  studied  are  not  even  statistically 
significant  in  the  production  functionj  only  the  mother's  education 
and  family  sire  variables  have  significant  impacts.     Children  of 
more  educated  mothers  are  less  likely  to  be  obese  or  anemic,  and  they 
are  more  likely  to  have  poor  vision  (the  latter  relationship  is  not 
significant).    Children  from  larger  families  are  more  likely  to  have 
poor  corrected  vision  or  be  anemic,  but  they  are  less  likely  to  be 


obese.    To  get  an  impression  of  whether  these  effects  can  be  viewed  as 
environmental  as  opposed  to  genetic,  we  again  look  it  the  difference 
between  the  coefficients  of  the  two  parent's  education  variables.  For 
both  OBESE  and  ANEMIA,  the  mother's  education  coefficient  is  larger 
than  the  corresponding  father's  education  coefficient,  but  for  PVIS  the 
opposite  is  true.    Only  in  the  case  of  obesity  is  the  difference  sig- 
nificant at  the  10  percent  level.    Thus,  in  this  case  the  evidence  re- 
garding a  nature  versus  nurture  interpretation  of  the  family  effects 
is  not  conclusive,  but  it  does  suggest  that  with  respect  to  obesity  at 
least  one  component  of  the  family  environment — mother's  education — has 
an  important  impact. 

.We  noted  that  the  family  size  variable  has  a  perverse  sign  in  the 
obesity  equation:  children  from  larger  families  are  in  better  rather 
.than  worse  health  in  that  they  are  less  likely  to  be  obese.    The  posi- 
tive relationship  between  family  size  and  the  incidence  of  the  other 
health  problems  is  easy  to  rationalize  (it  may  reflect  a  substitution 
avay  from  higher  "quality"  children  as  the  shadow  price  of  quality 
rises),32  but  a  justification  for  the  negative  relation  reported  for 
obesity  is  less  obvious.    One  possible  explanation  for  this  negative 
family  size  effect  (as  well  as  for  the  positive  income  effect)  is  the 
existence  of  joint  production  among  various  aspects  of  quality.  For 
example,  families  with  fewer  children  or  higher  income  ray  consume  more 
rich  and  caloric  foods.    This  consumption  raises  some  aspects  of  qual- 
ity but  at  the  same  time  maV.es  obesity  more  liXely. 

The  finding  of  non-significant  effects  of  family  income  in  physi- 
cal health  outcomes  has  important  implications.     First,  it  suggests  that 


policies  to  improve  the  well-being  of  adolescent*  via  income  transfer! 
would  have  little  impact  on  our  physical  health  measures.    Second,  this 
finding  coupled  with  the  significance  of  the  mother's  schooling  variable 
underscores  the  key  role  in  health  production  of  nonmarket  productivity 
as  opposed  to  market  goods  and  services  as  measured  by  family  income  and 
preventive  care.    This  result  echoes  our  earlier  findings  for  a  group  of 
younger  children  (see  Chapter  2) .    In  the  cast  of  obesity, 
we  believe  that  the  impact  of  mother's  schooling  reflects  the  informa- 
tion that  highly  educated  mothers  have  acquired  as  part  of  the  schooling 
process  about  the  dangers  of  obesity  and  about  what  constitutes  an 
appropriate  diet. 

Family  effects  in  the  derived  demand  for  preventive  pediatric  care 

(Table  6)  tend  to  be  much  stronger  than  they  are  in  the  production  func- 

2 

tions  (although  the  R    in  the  preventive  pediatric  care  equation  is  still 
substantially  lower  than  in  the  preventive  dental  care  equation).  Among 
the  six  family  variables,  only  the  mother's  labor  force  status  variables 
do  not  have  a  significant  impact  on  the  family's  probability  of  obtaining 
preventive  care.    Families  with  higher  parental  education  and  more  income 
-*re  more  likely  to  get  preventive  care  for  their  children  while  larger 
f-railies  are  less  likely  to.     In  addition,  father's  education  has  a  larger 
impact  than  mother's  education.     It  is  not  clear  how  to  interpret  these 
results,  however,  since  we  have  no  evidence  that  preventive  pediatric 
care  is  efficacious. 

The  last  result  to  be  discussed  concerns  the  role  of  pediatrician 
availability.     Similar  to  the  corresponding  findings  for  preventive  den- 
tal care,  the  number  of  pediatricians  per  thousand  population  in  the 


county  of  residence  (PED)  has  a  positive  and  statistically  significant 
regression  coefficient  in  the  demand  curve  for  pediatric  cars.  This 
finding  complements  those  reported  by  JCleinrean  and  wil»on  (1977)  and 
Colle  and  Grossman  (1978) .    However,  the  Implied  effects  of  an  increase 
of  one  pediatrician  per  thousand  population  are  small  (-.003,  -.003,  and 
.001  for  OBESE,  PVIS,  and  ANEMIA,  respectively),  primarily  because  the 
health  impact  of  preventive  care  is  small  and  not  significant.  Thus 
our  findings  indicate  that  a  policy  to  increase  pediatric  manpower  in 
medically  underserved  areas  would  not  improve  the  physical  health  of 
adolescents — at  least  as  represented  by  our  three  measures.    Such  a 
policy  should  be  given  a  much  lower  priority  than  a  analogous  policy 
to  expand  dental  manpower  in  areas  characterized  by  shortages. 

TV.     Summary  and  Implications 
The  purpose  of  this  study  has  been  to  examine  the  determinants 
of  the  oral  and  physical  health  of  white  adolescents  with  special 
emphasis  on  the  roles  of  family  background  and  the  use  of  preventive 
"Mical  care.    The  main  results  of  the  study  are  (1)  nurture  plays  an 
(•Anortant  role  in  determining  oral  health  but  less  so  for  the  other 
health  problems  studied;    (2)  preventive  care  is  efficacious  in  the 
case  of  oral  health  but  not  for  the  other  health  problems  studiedj 
and  (3)  the  three  physical  health  measures  are  largely  unexplained  by 
the  family  and  preventive  care  variables  used  here.     Only  mother's 
education  and  family  size  have' significant  impacts. 

With  respect  to  the  first  result, mother 'a  schooling  is  singled 
out  as  a  crucial  component  of  the  home  environment.     Although  mother's 
schooling,  father's  schooling,  family  income,  and  family  size  all  make 


significant  contribution,  to  oral  health,  rother's  schooling  dominate, 
father's  schooling.    Moreover,  mother's  schooling  tends  to  dominate  both 
income  and  father's  schooling  in  the  physical  health  equations,  espe- 
cially in  the  case  of  obesity.    The  finding  that  the  impact  of  mother's 
schooling  almost  always  exceeds  that  of  father's  schooling  is  especially 
important  because  equal  effects  would  be  expected  if  the  schooling  vari- 
ables were  simply  proxies  for  unmeasured  genetic  endowments. 

Two  additional  pieces  of  evidence  underline  the  robustness  of  the 
finding  that  nurture  -matters."    First,  the  relative  magnitude  of  the 
effect  of  the  various  family  background  variables  on  the  index  of  tooth 
decay  is  not  greatly  altered  when  the  periodontal  index,  a  proxy  for 
genetic  oral  health  endowment,  is  held  constant.    Second,  the  identifi- 
cation of  a  plausible  mechanism  by  which  family  characteristics  influence 
adolescent  health— preventive  care— increases  our  confidence  that  these 
variables  reflect  a  behavioral  effect  as  opposed  to  a  genetic  effect  or 
a  statistical  artifact. 

With  regard  to  the  role  of  preventive  dental  care,  youths  who  re- 
ceived a  preventive  dental  check-up  within  the  past  year  and  youths  ex- 
posed to  fluoridated  water  have  much  better  oral  health  than  other  youths. 
Moreover,  the  probability  of  a  preventive  examination  is  positively  re- 
2-*ed  to  the  number  of  dentists  per  capita  in  a  youth's  county  of  resi- 
dence.    This  implies  that  a  program  to  increase  the  availability  of 
dentists  in  medically  deprived  areas  would  improve  the  oral  health  of 
youths  in  these  areas.     Indeed,  we  estimate  that  the  payoffs  to  in- 
creasing  dental  mnpower  by  one  per  thousand  population  are  about  the 
same  as  the  payoffs  to  the  coverage  of  preventive  dental  care  under 
national  health  insurance. 
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The  protobllit,  of  obtaining  .  preventive  ch.=*-up  by  .  doctor  U 
.!„  positively  relet-  to  fe-11,  in—  -  to  the  nusfcer  of  pediatri- 
cian. P«  ceplte  1.  the  county  of  re.idcno..    »ut  «  h.v.;Uttl.  «1- 
a.„c.  th.t  preventive,  cr.  delivered  to  youth,  by  physician,  i- 
c.dou.  in"ter»,  of  their  phy.i«l  health.    Therefor..  «-  P^""  to 
o.tion.1  be.lth  insurance  for  phy.lclan,'  .."ice. 

t*.  Increase  the  availability  of 
delivered  to  youths    or  program,  to  Increase 

doctor,  vho  treat  youths  are  vary  small. 

our  result,  for  the  physical  health  measure,  are  «.*.  but  on. 
p.U  of  finding,  doe.  stand  out.    Mol.scents  are  les.  UV.ly  to  be 
ob„.  if  their  others  are  highly  educated,  and  they  are  lively 
to  be  obese  if  they  come  fro.  small  f»Ui...    The  latter  relation 
provMe.  .  partial  explanation  of  the  drastic  increase  in  obesity 
during  recent  decade,  .inc.  over  the  .am.  period  w.  have  ...n  . 
.tortlin,  decline  in  family  sire.    The  former  relation,  on  the  other 
hand,  surest,  a  strategy  for  sl~ing  dc-n  the  trend  in  the  incidence 
of  this  health  problem.    «h.t  1.  needed  i,  a  public  information  pro- 
jr^imil«  to  that  runted      in  the  case  of  childhood  ir-uninatlon- 
,-.r.cted  at  alerting  less  educated  parents,  and  especially  mothers,  to 
the  dangers  associated  with  childhood  obesity. 

overall,  what  our  resuits  surest  is  that  selective  rather  than 
general  program,  vouid  be  most  effective  in  improving  the  health  of 
the  population  under  18  years  of  age.    For  instance,  instead  of  pro- 
viding c„Plete  coverage  for  physician,  services  delivered  to  person. 
frOT  birth  to  age  18  under  national  health  insurance,  the  government 
shouid  direct  ito  attention  at  pren.tol  care  and  physician,  service. 


durinq  the  first  year  of  life.    Zt  is  known  that  appropriate  prenatal  and 
infant  care  can  make  a  difference  in  terns  of  health  outcomes  (for  ex- 
ample, Levit  1977).    Conversely,  our  results  for  oral  health  in  this 
study  and  in  our  previous  research  (see  Chapter  2)  suggest  that  the 
payoffs  to  the  coveraae  of  dental  care  from  the  age  it  is  first  received 
until  age  IB  or  bevond  would  be  substantial. 


FOOTNOTES 


For  a  partial  survey  of  this  literature,  see  Grossman  (1975) 
and  Edwards  and  Grossman  (1979). 

2 

A  full  description  of  the  sample,  the  sampling  technique,  and 
the  data  collection  is  presented  in  National  Center  for  Health  Sta- 
tistics (1969). 

^Children's  health  also  depends  on  the  prices  of  inputs  used  to 
produce  other  aspects  of  their  quality  and  the  prices  of  other  forms 
of  parents'  consumption.    The  effects  of  these  variables  will  not  be 
studied  here. 
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For  discussions  of  the  Indirect  costs  of  obtaining  pediatric  care,  aee 

Colle  and  Groasun  (1978)  and  Goldman  and  Grossman  (1978). 

50ne  possible  objection  to  using  this  type  of  framework  to  analyze  the 
health  of  adolescents  Is  that  the  goals  of  parents  and  youthi  are  likely  to 
differ.    For  Instance,  cigarette  Booking  by  a  youth  night  Increase  hit  utility 
but  reduce  his  parents'  utility  because  It  It  detrimental  to  hit  current  or 
future  health.    This  type  of  conflict  between  parents  and  youths  hat  been 
analyzed  by  Becker  (1974)  in  the  context  of  an  economic  model  of  social  and 
family  interactions.    He  shows  that  such  conflicts  are  Important  when  the 
parents'  utility  function  depends  on  particular  "merit"  commodities  consumed 
by  the  youth  rather  than  on  his  consumption  of  all  commodities.    In  such  a  case 
parents  have  an  incentive  to  allocate  resources  not  only  to  their  children's 
consumption,  but  also  to  policing  their  offsprings'  consumption  patterns.  An 
explicit  melding  of  our  model  with  Becker'e  would  be  a  difficult  task,  and 
although  it  would  alter  the  interpretations  of  the  effects  of  various  family 
characteristics,  It  would  not  add  to  or  delete  from  the  list  of  relevant  ex- 
planatory variables. 

^Given  the  essentially  arbitrary  scaling  of  all  of  our  adolescent  health 
measures  and  the  general  ignorance  concerning  the  exact  specification  of  a. 
he»lth  production  function,  we  believe  that  It  is  inappropriate  to  experiment 
with  more  sophisticated  functional  forms. 

7 The  Bureau  of  Labor  Statistics  does  collect  measures  of  the  prices  of 
various  goods  and  services,  Including  physician  and  dental  office  visits, 
for  AO  cities  and  four  nonmetropolitan  areas.    Ve  do  not  take  price 
variables  from  this  source  because  they  are  based  on  small  samples. 


and  the  sites  in  the  KES  survey  arc  not  identical  to  the  sites  in  ths 

bls  survey.    On  the  other  hand,  the  number  of  dentists  and  pediatri- 
cs 

clans  are  based  on  complete  enumerations  in  all  counties  by  the 
American  Dental  Association  and  the  American  Medical  Association  and 
can  be  matched  easily  to  the  HES  sites.    Thus  the  two  manpower  vari- 
ables have  little  measurement  error,  while  the  price  estimates  froa 

the  BLS  would  contain  a  great  deal  of  measurement  error. 

This  is  in  contrast  to  the  work  of  Kewhouse  and  Friedlander  (1977) 
who  fit  an  equation  similar  to  our  equation  (4). 

9 

The  term  "allocative  effect"  and  the  decomposition  of  the  school- 
ing parameter  into  direct  and  allocative  components  is  due  to  Welch 
(1970).    He  uses  this  framework  to  study  the  impact  of  schooling  on  mar- 
ket production.    Technically,  schooling  is  a  relevant  determinant  of  the 
demand  for  medical  care  even  if  it  has  no  allocative  efficiency  effect. 
In  simple  models  of  schooling  as  an  efficiency  variable  in  household 
production  (Grossman  1972|  Michael  1972) ,  schooling  raises  the  amount  of 
health  output  obtained  from  a  given  vector  of  inputs.     In  such  models 
cchooling  can  lower  the  quantity  of  medical  care  demanded  at  the  same 
time  as  it  raises  the  quantity  of  health  demanded.     In  particular, 
medical  care  would  rise  only  if  the  income  and  price  elasticities  of  de- 
mand for  offspring's  health  exceeded  unity.    We  stress  a  model  that  in- 

e 

corporates  an  allocative  efficiency  effect  because  schooling  should  in- 
crease the  parent* '  knowledge  about  what  constitutes  an  appropriate 
diet,  when  to  take  their  children  to  the  doctor  or  the  dentist  for  a 
preventive  check-up,  how  to  follow  the  doctor's  advice,  and  how  to 
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foster  appropriate  oral  hygiene  behavior  by  their  children.    The  ability 
of  parents  with  extra  schooling  to  select  a  better  Input  mix,  as  well  as 
to  obtain  a  larger  health  output  froa  given  inputs,  is  likely  to  en- 
courage then  to  demand  larger  quantities  of  preventive  care  even  If  the 
income  and  price  elasticities  of  health  are  less  than  one.    In  part  the 
effect  nay  reflect  a  substitution  toward  preventive  care  and  away  froa 
curative  care. 

In  adopting  these  two  criteria  for  the  selection  of  health  mea- 
sures, we  are  guided  in  part  by  Ressner's  (1974)  tracer  methodology 
for  studying  the  health  of  children  and  adolescent*. 

1lf  the  actual  periodontal  index  of  each  age-sex  group  i«  normally 
distributed,  APERI  could  be  translated  directly  into  the  youth's  peri- 
odontal index  percentile.    We  have  experimented  with  the  actual  value 
of  the  periodontal  index  as  the  dependent  variable  in  a  multiple  re- 
gression that  includes  age,  the  square  of  age,  and  a  dummy  variable  for 
r-le  adolescents  in  addition  to  the  remaining  independent  variables. 
V  I  results  obtained  (not  shown)  are  sindlar  to  those  reported  in 

SewLlOQ  III. 
12 

Dutton  (1978)  advocates  the  use  of  a  continuous,  rather  than  a 
discrete,  measure  of  anemia.    She  conducts  a  multiple  regression  analy- 
«is  of  actual  hematocrit  levels  of  black  children  between  the  agei  of 
6  months  and  4  years.    The  only  statistically  significant  variables  in 
this  regression  (at  the  5  percent  level)  are  age  and  sex.  Therefore, 
it  is  not  at  all  clear  what  we  would  gain  by  adopting  her  measure. 


13Sli*ilar  patterns  are  present  in  the  Cycle  III  data.    Tanner  (1962) 
stresses  the  Importance  of  sexual  maturity  in  the  determination  of  the 
health  and  cognitive  development  of  adolescents.    Preliminary  analysis 
revealed,  .however,  that  sexual  maturity  does  not  have  an  effect  on  our 
health  measures  except  in  the  case  of  hematocrit  levels  of  females. 

**Clinical  evidence  suggests  that  exposure  to  fluoridated  water  is 
particularly  important  if  it  occurs  during  the  ages  at  which  the. perma- 
nent teeth  are  being  formed  (McClure  1962).    These  teeth  do  not  appear 
until  a  child  is  approximately  6  years-old  but  start  to  be  formed  a  few 
months  after  birth.    Therefore,  it  is  useful  to  identify  youths  who  had 
been  exposed  to  fluoridated  water  before  they  reached  the  age  of  6  years. 
Unfortunately,  we  cannot  do  this  because  the  youth's  current  residence 
alone  is  reported  in  the  HES.    We  did  create  a  fluoridation  variable 
that  identifies  youths  exposed  before  age  6  under  the  assumption  of  no 
"igration,  but  it  had  no  effect  on  oral  health  in  regressions  that  in- 
cluded the  fluoridation  variable  described  in  the  text. 

150ur  measure  of  the  number  of  dentists  excludes  those  in  the 
Federal  dental  service.    The  number  of  pediatricians  pertains  to 
those  in  private  practice. 
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Since  pediatricians  treat  only  children  and  youths,  the  number 
of  pediatricians  per  person  under  a  certain  age  (say  age  18)  might 
appear  to  be  a  more  relevant  measure  than  the  number  of  pediatricians 
per  capita.    He  did  not  employ  such  a  variable  for  several  reasons. 
First,  the  appropriate  age  cutoff  is  not  obvious.    Second,  even  if 
pediatricians  do  not  treat  youths  beyond  the  age  of  17,  since  mothers 


typically  are  responsible  for  taking  youths  to  the  physician,  the  indi- 
rect costs  of  obtaining  pediatric  care  night  be  more  related  to  the 
number  of  pediatricians  per  woman  with  children  below  the  age  of  18 
than  to  the  number  of  pediatricians  per  person  below  the  age  of  18. 
Third  and  most  important,  there  is  little  variation  in  persons  under 
age  18  as  a  percentage  of  the  population  or  in  women  with  children 
under  age  18  as  a  percentage  of  the  population  among  the  38  sites  in 
the  HZS. 

*7The  educational  attainment  of  absent  fathers  is  not  known.  For 
children  with  absent  fathers,  we  code  PEDUCAT  at  the  mean  level  of 
father's  education  in  the  subsample  of  youths  who  live  with  both  parents. 
This  coding  scheme  is  consistent  with  the  assumption  that  father's  edu- 
cation has  the  same  relationship  with  adolescent  health  whether  or  not 
""the  father  is  actually  present.    An  alternative  assumption  is  that  fa- 
ther's education  has  no  affect  on  adolescent  health  if  he  is  absent. 
Under  this  assumption,  the  education  of  absent  fathers  would  be  coded 
at  zero.    Use  of  the  alternative  coding  scheme  would  alter  the  regres- 
sion coefficient  of  NOFATH  but  would  not  alter  the  coefficient  of  PEDUCAT 
«r  the  coefficients  of  other  independent  variables  in  the  regression. 

18 

The  health  endowment  variables  are  also  endogenously  determined 
because  they  are  affected  by  family  choices  regarding  prenatal  care, 
timing  of  chi ldbearing,  and  resources  allocated  to  children  since  birth. 
Despite  the  endogeneity  of  the  health  endowment  measures,  mother's  labor 
force  status,  and  family  size,  preliminary  computations  revealed  that 
the  estimated  coefficients  of  the  other  family  background  measures  and 


of  preventive  care  are  only  slightly  altered  by  the  exclusion  of  these 
variables  from  the  equations, 

19  S 
Suppose  that  the  periodontal  and  decay  functions  era 

APERI  ■  L6M.n«.  (1) 
IDECAY  -  G  ♦  b2  E  ♦  Uj       ,  (2) 

♦ 

where  G  is  genetic  oral  health  endowment,  B  i»  the  home  environment,  u^ 
and  n2  are  disturbance  ttns,  and  Intercepts  and  other  independent  vari- 
able i  are  ignored.    Note  that  a^,  a^,  and  b^  are  negative  since  a  more 
favorable  endowment  or  environment  improves  oral  health.    Solve  equation 
(1)  for  G  and  substitute  into  equation  (2}  to  obtain 

IDECAT  -  bl  a1"1  APERI  ♦   (bj  -  ^  ^  l^1)  E  ♦  u^  -  b^  a^1  «     .  (3) 

Clearly,  the  absolute  value  of  the  parameter  of  E  in  equation  (3)  is 
""•Her  than  the  absolute  value  of  the  corresponding  parameter  In  equa- 
tion (2).    Note  that  APERI  is  negatively  correlated  with  the  composite 
disturbance  term  (u2  -  b,  a^"1  i^)  In  equation  (3).    Therefore,  if  the 
equation  is  estimated  by  ordinary  least  squares,  the  regression  coeffi- 
cient of  APERI  i«  biased  toward  zero  and  that  of  E  away  from  rero  pro- 
vided E  and  APERI  are  negatively  related.    In  the  text  we  maJce  the 
plausible  assumption  that  this  upward  bias  in  the  absolute  value  of  the 
regression  coefficient  of  E  is  offset  by  the  fundamental  difference  be- 
tween the  structural  parameters  of  E  in  equations  (2)  and  (3).    That  is 


we  assume  that  the  expected  value  of  the  regression  coefficient  of  £ 
understates  Ib^l  even  though  it  overstates  |b2  -  a^  ■^"*|» 

20 

Statements  concerning  statistical  significance  in  the  text  are 
based  on  one-tailed  tests  except  when  tha  direction  of  the  effect  is 
unclear  on  a  priori  grounds  or  when  tha  estimated  effect  has  tha 
"wrong  sign."    In  the  latter  cases  two-tailed  tests  are  used. 

21 

The  estimated  effects  of  fluoridation  on  oral  health  are  not 
sensitive  to  the  omission  of  the  three  region  and  four  size  of  place 
of  residence  variables  from  the  regressions.    This  indicates  that  the 
fluoridation  variable  is  not  simply  a  proxy  for  location. 

22 

Consumer  Reports  (1978)  cites  a  report  in  the  New  England 
Journal  of  Medicine  which  estimates  the  per  capita  cost  of  fluorida- 
tion to  be  about  10  to  40  cents  per  year  (p.  393). 

23 

The  relevant  "t"  statistics  for  the  three  equations  in  Table  2 
axe  1.41,  1.79,  and  1.48.    Note  that  probable  biases  in  the  estimates 
of  the  two  parents'  education  coefficients  are  likely  to  work  towards 
a  finding  of  no  significant  difference.    The  estimate  of  the  direct 
efficiency  effect  of  father's  schooling  may  be  biased  away  froa  zero; 
and  the  estimate  of  the  direct  efficiency  effect  of  mother's  schooling 
nay  be  biased  toward  zero.    The  former  bias  is  introduced  if  father's 
education  serves  as  a  proxy  for  permanent  income  (if  there  is  measure- 
ment error  in  current  family  income).    The  latter  bias  is  introduced  if 
more  educated  mothers  allocate  less  time  to  the  production  of  adolescent 
oral  health  because  they  have  a  higher  opportunity  cost  of  time,  and  if 


the  opportunity  cost  of  time  effect  is  not  fully  reflected  by  the  two 
measures  of  mother's  labor  force  status.    Along  similar  lines,  the  es- 
timated father's  education  effect  may  be  biased  upward  iwthe  demand 
curve  for  preventive  care.    The  mother's  education  effect  is  biased 

ss 

downward  if  oral  health  Is  "time-intensive"  and  if  substitution  in 
consumption  outweighs  substitution  in  production. 

24 

These  could  be  thought  of  as  solved  "reduced  form"  coefficients 
of  the  exogenous  variables. 

2*As  is  expected  on  the  basis  of  the  education  coefficients  in 
Tables  2  and  3,  the  difference  In  "total"  effects  is  larger  than  the 
difference  in  direct  effects.    The  test  of  the  significance  of  the 
difference  between  the  "total"  effect  of  mother's  schooling  and  the 
"total"  effect  of  father's  schooling  is  based  on  the  estimated  reduced 
form — the  ordinary  least  squares  regression  APERI  or  I DECAY  on  all  the 
exogenous  variables.    This  procedure  is  employed  because  standard  er- 
rors of  solved  reduced-form  coefficients  and  standard  errors  of  diffex- 
nce  between  such  coefficients  are  very  difficult  to  compute.     In  every 
»--•«*•#  the  estimated  reduced-form  difference  between  the  schooling  co- 
efficient is  exactly  the  same  as  the  solved  reduced-form  difference. 
Therefore,  the  bias  introduced  by  our  test  is  minimal.    The  test  sta- 
tistics are  1.81,  2.23,  and  2.82  for  APERI ,  IDECAY,  and  IDECAY  with 
APERI,  respectively. 

26 

Manning  and  Phelps  estimate  a  discriminant  function  of  the  prob- 
ability of  obtaining  a  check-up.    They  point  out  that  the  coefficients 
in  this  equation  approximate  logit  coefficients.     Since  they  do  not 


Indicate  the  Dean  probability  of  *  check-up  In  their  sample,  we  converted 
their  logit  coefficient  of  the  nuraber  of  dentists  into  a  marginal  effect 
at  the  mean  check-up  probability  in  the  HES  saapls  of  .7.    If  ■  is  the 
marginal  effect  of  a  given  independent  variable,  b  is  its  logit  coeffi- 
cient, and  p  is  the  probability  of  a  checV.-up,  the  conversion  formula  is 

m    -    bp(l  -  p)  . 

27 

The  finding  that  the  periodontal  index  is  inversely  related  to 
the  number  of  dentists  differs  from  that  of  Nevhouse  and  Fried  lander 
(1977).    Using  adults  in  Cycle  1  of  the  HES,  they  report  an  insignifi- 
cant positive  effect  of  dentists  per  capita  in  the  county  of  residence 
on  the  periodontal  index.    Their  result  is  based  on  an  ordinary  least 
squares  regression  of  the  periodontal  index  on  the  nuraber  of  dentists 
a.nd  other  variables  and  does  not  embody  the  restrictions  discussed  in 
Part  C  of  Section  X. 

28 

There  are  two  "perverse"  results  that  are  statistically  significant 
youths  froa  families  in  which  a  foreign  language  is  spoXen  in  the  home 
(ELANG)  have  better  oral  health  than  other  youths i  and  youths  whose 
parents  reported  a  medical  difficulty  with  the  youth  before  the  age  of 
one  year  (FYPH)  have  less  decay  than  other  youths.    The  first  of  these 
may  be  caused  by  genetic  differences  in  oral  health  between  native 
Americans  and  immigrants  or  the  native-born  offspring  of  immigrants. 
>>>  offer  no  explanation  for  the  latter  finding. 
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?or  a  general  discussion  of  endowment  effects  in  models  such  ss 
the  one  employed  in  this  paper*  see  Tones  (1978).    A  detailed  treatment 
of  the  role  of  fluoridation  In  dental  cats  demand  functions  appears  la 
Upton  and  Silverman  (1972). 

30The  reduction  in  the  decay  score  is  taken  from  the  reduced-fora 
coefficient  of  DENT  obtained  from  the  decay  function  that  excludes 
APERI. 

^*In  their  discriminant  estimate  of  the  decision  for  white  children 
and  youths  to  receive  a  dental  exam.  Manning  and  Phelps  specify  a  price 
effect  that  varies  with  family  income.    Our  extrapolation  of  their  re- 
sults assume  (1)  that  family  income  equals  $10,000  (the  mean  value  in 
the  KES),  (2)  that  the  uninsured  price  of  check-up  is  $15,  and  (3)  that 
the  uninsured  probability  of  a  check-up  is  .7  (the  mean  in  the  HES). 
The  reduction  in  the  decay  score  is  obtained  from  the  decay  function  that 
excludes  APEFI. 

^Alternatively,  these  effects  nay  be  attributed  to  a  reduction  in 
per  capita  income  as  family  size  rises  with  family  income  held  constant. 
Indeed,  the  sign  of  the  family  size  effect  is  opposite  that  of  the  family 
income  effect  in  all  three  regressions.    Yet  something  more  than  a  mechan- 
ical relationship  between  family  size  and  per  capita  income  is  required 
to  account  fully  for  the  contribution  of  family  size  to  health  outcomes. 
For  example,  unlike  the  family  size  coefficients,  the  family  income  co- 
efficients are  not  always  statistically  significant.     In  addition,  com- 
putations reveal  that  the  impact  on  physical  health  of  a  1  percent 


increase  in  family  sire  is  larger  in  absolute  value  than  that  of  a  1  per- 
cent increase  in  family  income. 

33e 

Some  readers  may  object  to  the  constraint  in  our  recursive  model 
that  the  direct  effect  of  health  manpower  on  health  is  zero.    For  tha 
benefit  of  these  readers,  the  estimated  reduced-form  coefficient*  of 
the  number  of  pediatricians  on  obesity,  abnormal  vision,  and  anemia  are 
-.316  (t  -  -1.47),  -.010  (t  -  -0.07),  and  -.168  (t  -  -1.57),  respectively 
The  estimated  reduced-form  coefficient*  of  the  number  of  dentists  on  the 
periodontal  index  and  decay  are  .128  (t  -  1.55)  and  .085  (t  -  1.08), 
respectively.    These  coefficients  give  a  very  different  and,  in  our  view, 
inappropriate  picture  of  the  payoff  of  a  program  to  expand  pediatric  man- 
power compared  to  a  program  to  expand  dental  manpower. 
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Chapter  5 

THE  DYNAMICS  OP  HEALTH  AND  COGNITIVE 
DEVELOPMENT  IN  ADOLESCENCE 

The  importance  of  family  background  in  the  determination  of  the 
health  and  cognitive  development  of  children  and  adolescents  and  the 
existence  of  cross-sectional  relationships  between  health  and  cogni- 
tive development  have  been  well  established  in  a  number  of  studies. 
Edwards  and  Grossman  (see  Chapter  2)  emphasize  the  key  role  of  par- 
ents' schooling  in  the  health  outcomes  of  white  children  between  the 
ages  of  6  and  11  in  Cycle  II  of  the  U.S.  Health  Examination  Survey 
(HES ) .    They  report  similar  findings  in  a  study  of  health  outcomes  of 
white  adolescents  between  the  ages  of  12  and  17  in  Cycle  III  of  the 
HES  (see  Chapter  4).    In  particular,  they  indicate  that  mother'* 
schooling  has  a  larger  impact  on  adolescent  health  than  father's 
schooling.    Edwards  and  Grossman  (1979)  demonstrate  a  number  of  strong 
relationships  between  children's  health  and  cognitive  development  in 
Cycle  II  of  the  HES.    In  addition,  they  summarize  comparable  findings 
for  underdeveloped  countries,  Great  Britain,  and  poverty  populations 
in  the  United  States.    Of  course,  there  is  a  massive  literature  on  the 
beneficial  impacts  of  a  favorable  family  background  on  children's  cog- 
nitive development.* 

Especially  in  the  case  of  health,  the  extent  to  which  family  back- 
ground effects  reflect  the  importance  of  the  home  environment  (nurture) 

2 

as  opposed  to  genetic  inheritance  (nature)  remains  an  open  issue. 
Moreover,  cross-sectional  regressions  of  cognitive  development  on  health, 
•uch  as  those  estimated  by  Edwards  and  Grossman  (1979)  and  others,  do 


not  establish  causality  from  health  to  cognitive  development.  Statisti- 
cally significant  relationships  may  reflect  causality  that  runs  from 
cognitive  development  to  health  as  well  as  causality  from  health  to 
cognitive  development.    To  be  concrete,  poor  health  may  impede  the 
ability  to  learn,  thereby  resulting  in  lower  scores  on  ability  tests) 
and  slow  intellectual  growth  may  impinge  on  a  youth's  efficiency  in  the 
production  of  his  health.    Simple  cross-sectional  correlations  do  not 
reveal  which,  if  any,  of  the  causal  relations  is  in  operation.  Indeed, 
the  correlation  may  arise  not  because  of  any  structural  causality  but 
because  both  health  and  cognitive  development  are  linked  to  unmeasured 
genetic  factors. 

The  purposes  of  this  study  are  (1)  to  estimate  the  pure  environ- 
mental contribution  of  family  background  in  general  and  parents'  school- 
ing and  family  income  in  particular  to  the  health  and  cognitive  develop- 
ment of  adolescents  and  (2)  to  examine  whether  health  causes  cognitive 
development,  cognitive  development  causes  health,  or  both  cause  each 
other.    The  study  utilizes  a  panel  data  set  that  contains  measures  of 
the  health  and  cognitive  development  of  adolescents,  corresponding  mea- 
sures of  their  health  and  cognitive  development  as  children,  and  family 
background  variables.    The  sample  consists  of  the  adolescents  in  Cycle 
III  of  the  Health  Examination  Survey  who  were  also  examined  in  Cycle  II 
when  they  were  children. 

To  study  the  dynamics  of  health  and  cognitive  development  and  to 
deal  with  the  problem  of  simultaneity,  we  investigate  the  causal  prior- 
ness  of  these  measures.    Specifically,  we  assume  that  the  processes  that 
generate  them  are  Markov  and  can  be  estimated  by  a  simple  first-order 


AKMA  model.    We  show  that,  if  the  genetic  impact  on  these  variables  is 
restricted  to  the  determination  of  initial  conditions,  then  the  esti- 
mates of  the  time  paths  will  be  free  of  genetics-bias  and  will  reflect 
the  true  environmental  effects  of  family  background  variables.  Empiri- 
cally, we  estimate  two  multivariate  equations:    one  relating  adolescent 
health  to  childhood  health,  childhood  cognitive  development,  and  family 
background;  and  a  second  relating  adolescent  cognitive  development  to 
childhood  cognitive  development,  childhood  health,  and  family  background. 
In  the  health  equation,  the  coefficient  of  family  background  gives  an 
estimate  of  the  environmental  effect  that  controls  for  the  initial  or 
inherited  level  of  health.    The  coefficient  of  childhood  cognitive  de- 
velopment indicates  whether  the  latter  variable  causes  adolescent  health. 
The  adolescent  cognitive  development  equation  can  be  interpreted  in  a 
similar  manner.     In  particular,  the  coefficient  of  childhood  health  mea- 
sures the  significance  and  size  of  the  causal  relationship  from  health 
to  cognitive  development.^ 

Clearly,  the  notion  of  causality  implicit  in  our  research  is  akin 
tc  that  of  Granger  (1969).    Specifically,  cognitive  development  causes 
health  if  the  prediction  of  adolescent  health  conditional  on  childhood 
health  is  improved  by  information  on  childhood  cognitive  development. 
Similarly,  health  causes  cognitive  development  if  the  prediction  of 
adolescent  cognitive  development  conditional  on  childhood  cognitive  de- 
velopment is  improved  by  information  on  childhood  health. 


I.     Econometric  Model 
In  related  research,  Edward*  and  Grossman  (1979,  and  also  Chapters 
2  and  4)  have  araued  that  offspring's  health  and  cognitive  develop - 
ment  can  be  viewed  as  aspects  of  their  quality  and  can  be  examined 
fruitfully  within  the  context  of  economic  models  of  fertility  and  house- 
hold production  developed  by  Becker  (1965) ,  Becker  and  Lewis  (1973) , 
Willis  (1973),  and  Becker  and  Tomes  (1976).    These  models  provide  use- 
ful theoretical  insights  with  regard  to  the  designation  of  a  set  of  fac- 
tors as  determinants  of  health  and  cognitive  development  and  with  regard 
to  the  predicted  direction  of  effects.    The  fundamental  problem  in 
analyzing  the  determinants  of  health  and  cognitive  development  empiri- 
cally is  to  separate  the  genetic  effects  from  those  of  observed  socio- 
economic and  background  variables.    We  suppose  that  at  any  point  in  time 
a  child's  health  can  be  characterized  by  a  random  variable  whose  dis- 
tribution is  conditional  on  the  child's  cognitive  development,  the  initial 
health  of  the  child,  family  socioeconomic  variables,  and  some  genetic 
endowment,  and  that  a  child's  cognitive  development  can  be  characterized 
by  a  random  variable  whose  distribution  is  conditional  on  the  child's 
health  and  the  same  set  of  background  variables.    Many  of  these  variables, 
of  course,  are  themselves  partially  determined  by  the  genetic  endowments 
of  both  the  parents  and  the  child.    This  scenario  is  recognizable  as  the 
multiple-indicator/multiple-cause  model,  where  some  of  the  indicators  are 
themselves  causes.    But  rather  than  proceeding  directly  to  multi-equation 
models  of  this  type,  we  restrict  our  attention  in  this  study  to  models 
which  can  be  analyzed  using  single-equation  methods. 


Briefly  stated,  the  usual  methodology  designed  to  deal  with  unob- 
served components  strives  to  identify  some  systematic  component  and  ex- 
tract it»  effects  from  the  conditional  distribution  of  the  dependent 
variable  in  question.    The  identification  problem  ia  most  serious  in  a 
single-equation  cross-section  specification,  since  it  is  generally  im- 
possible to  distinguish  the  systematic  unobserved  component  from  the 
random  error  entering  the  equation.    One  approach  has  been  to  include 
indicators  of  the  unobserved  variable  which  are  not  themselves  part  of 
the  original  cross-section  specification,  under  the  presumption  that 
these  indicators  serve  as  instrument*  for  the  unobserved  variable.  An 
example  is  the  inclusion  of  test  scores  as  a  proxy  for  ability  in  earn- 
ings equations.     But  investigators  generally  acknowledge  that  this  is  a 
second-best  procedure,  since  it  introduces  an  errors-in-variables  bias 
which  may  be  nearly  as  large  as  the  original  omitted-variables  bias.4 

More  recent  attempts  to  estimate  models  with  unobserved  variables 
have  been  hybrids  of  multi -equation  models.     Identification  is  achieved 
by  presuming  that  the  unobserved  variable  is  reflected  in  more  than  one 
observation  on  an  indicator  variable,  either  across  individuals^  or  in 
the  same  individual  observed  over  a  number  of  time  periods.6  Estimation 
procedures  have  usually  followed  either  a  fixed  or  random  effects  approach 
to  deal  with  the  unobserved  variable.7    The  specific  nature  of  the  health/ 
cognitive  development  question,  however,  makes  both  of  these  methods  im- 
possible or  impractical. 

The  fixed  effects  approach  assumes  that  each  individual's  probabil- 
ity distribution  is  indexed  by  an  unobserved  nuisance  parameter,  as  well 
as  some  set  of  observed  explanatory  variables.     In  our  case,  we  might 
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label  this  nuisance  parameter  »  genetics.    "  more  than  one  ob- 

servation from  each  indiwidoally-indered  distributi™..  then  this  nuisance 
parameter  can  be  estinatod  directly  together  with  the  other  unknown 
parameter,  of  the  distribution  foncticn  which  are  connon  across  individ- 
uals.   However,  an  identification  problem  arises  if  the  distribution 
functions  are  also  indexed  by  •  triable  or  variable*  which  have  the  sane 
time  structure  as  that  presumed  for  the  unobserved  variable  to  be  es- 
timated.   In  our  case,  several  of  the  background  variables  are  tine- 
invariant,  such  as  parents'  education  and  birth  weight;  it  is  impossible 
to  distinguish  an  estimate  of  the  effects  of  an  unobserved  time-invariant 
component  such  as  genetics  from  the  effects  of  these  observed  variables. 
Linear  models  presuming  a  fixed  effect  and  non-zero  effects  of  time- 
invariant  observed  variables  will  be  observationally  equivalent  to  models 
presuming  only  a  fixed  effect. 

To  illustrate  the  preceding  point,  let  yi  denote  a  vector  of  T  ob- 
servations on  some  variable  yi  for  individual  i,  and  suppose  that  the 
distribution  of  y\   is  described  by  the  linear  model 

<v,       «v  *\<  y  + 

(!)  Yi  -  X.   B1  ♦  2.   e2  ♦  Xt  *  , 


where  X4  is  a  Tx^  matrix  of  time-varying  independent  variables,        is  a 
Txk2  matrix  of  time-invariant  independent  variables,        is  the  vector  of 
fixed  effects  with  each  element  being  X^,  and       is  a  vector  of  i.i.d, 
errors.    Suppose  that  Xi  and  62  are  unknown.    Then  the  distribution  given 
by  (1)  is  observationally  equivalent  to  one  given  by 

(2)  F4  "  xi  ei      xi  *2  +  Xi  +  €i  * 


where 


It  is  important  to  add  that  this  inability  to  identify       and  62  simul- 
taneously in  (1)  does  not  mean  that  an  unbiased  estimate  of  8^  can  be 
obtained  by  omitting  the  unknown  fixed  effect  from  (1) ,  unless  we  main- 
tain a  hypothesis  that        is  uncorrelated  with  both       and  Z. .    This  is 
not  a  reasonable  hypothesis  in  the  case  of  genetics  and  background  vari- 
ables. 

This  identification  problem  can  be  avoided  by  using  a  random  ef- 
fects  model    and  treating  X^  +        as  a  composite  error  term  with  co- 
variance  structure 


I    -    o*    i  i'    +    o2    I  , 

2 

where  i  is  the  column  vector  of  units,        is  the  population  variance  of 

2 

the  unobserved  systematic  component,  and  0£  is  the  variance  of  the  true 

error  term.     If  I  is  known,  then  consistent  estimates  of  8^  and  82  can 

be  obtained  by  estimating  (1)  with  GLS.    The  problem  is,  however,  that  I 

is  not  observed,  nor  can  it  be  consistently  estimated  without  resorting 

to  a  model  with  fixed  effects,  which  as  we  have  shown  above  is  not 
8 

estimable. 

An  alternative  to  these  cross-section  formulations,  which  may  cir- 
cumvent the  identification  problem  in  the  presence  of  the  unobserved 
genetic  component,  is  to  express  health  and  cognitive  development  as  ex- 
plicitly dynamic  processes  and  to  hypothesize  that  the  timing  of  genetic 


and  socioeconomic  effects  differ.    A  major  shortcoming  of  cross-section 
models,  whether  they  use  one  or  more  observations  per  individual,  is 
that  they  fail  to  take  account  of  dynamics  which  arise  naturally  in 
most  economic  problems,  either  in  terms  of  structural  or  temporal  depen- 
dencies for  decision  making  in  a  dynamic  context.    Theories  of  human 
capital  have  stressed  the  life  cycle  nature  of  an  individual's  economic 
situation,  with  economically-relevant  variables  having  a  time  as  well 
as  an  individual  index.    If  uncertainty  is  added,  this  life-cycle 
characterization  is  tantamount  to  depicting  an  individual's  economic 
life  (including  measures  of  health  and  cognitive  development)  as  a 
vector-valued  stochastic  process. 

It  is  worthwhile  to  consider  a  simple  dynamic  formulation  to 
assess  its  suitability  for  modeling  health  and  cognitive  development. 
Consider  a  variable  h(t)  which  represents  the  number  of  individuals  in 
a  sample  with  an  adverse  health  condition  in  period  t.     It  is  clear 
that  this  group  can  be  partitioned  into  those  whose  condition  has  per- 
sisted since  period  (t-1)  and  those  whose  condition  is  newly-acquired. 
Now  suppose  that  proportion  p  of  the  unhealthy  group  persists  each  pe- 
riod, and  that  on  average  number  u  acquire  the  disease.     It  follows 
directly  that 

(3)  h(t)     -    ph(t-l)      +  u  +  c(t)  , 

where  c  (t)  represents  the  difference  between  actual  and  expected  inci- 
dence in  period  t.    Embellishments  can  be  added  to  (3)  to  make  the  model 
more  realistic.     For  example,  the  number  of  new  contractions  u  may  de- 
pend on  some  set  of  background  variables  x(t-l),  so  that 


(3)" 


h(t)  -  ph(t-l)  ♦  Bx(t-l)  ♦  c(t) 


under  the  assumption  of  linearity. 

Thus  far,  the  model  has  been  presented  on  an  aggregate  basis.  Now 
define  a  variable  h^(t)  such  that  h^ft)  -  1  if  individual  i  has  the  ad- 
verse health  condition  in  period  t,  and  zero  otherwise.  It  is  apparent 
that  h(t)  ■  Th^(t).  One  might  also  disaggregate  the  background  variables 
to  some  level  of  individual  specificity.  It  should  be  clear  by  now  that 
underlying  the  aggregate  dynamic  relation  (3)'  is  a  family  of  individual 
probability  equations  of  the  form 


(4)  hiit)  -  phi(t-l)  +  8xi(t-l)  +  cAt)  . 


Since  h. (t)  is  defined  as  a  dichotomous  variable,  and  since  c (t)  has  zero 
l 

expectation,  it  follows  that 

(4)  '  P[hi(t)  -    1/hAt-l),  xi(t-D]  -  ph^t-l)  +  Bxi(t-1)  , 

which  is  an  elementary  linear  probability  model. 

Since  the  conditioning  set  for  (4) *  includes  the  relevant  history 
of  the  h.(t)  process,  the  conditional  probability  given  in  (4)'  is  more 
accurately  described  as  a  transition  probability.    Moreover,  it  is  clear 
that  for  a  particular  value  of  x(t),  the  2x2  matrix  of  transition  prob- 
abilities is  easily  derived.    Denote  this  matrix  by  P[x(t)];  then 

.  t-1 

(5)  p(t)  -  {  n      P[x(t-s)])  p  [x(0)l  , 

s-1  \ 


where  p(t)  is  the  vector  of  probabilities  in  period  t  conditional  only 
on  the  history  of  background  variables  [x(t-s),  s  ■  1»  2,  . ..,  t-lj, 
and  where  plx(0)]  is  the  vector  of  initial  probabilities  We  note 
that  the  vector  of  initial  probabilities  may  also  be  a  function  of 
some  set  of  exogenous  variables  x(0).    By  forming  the  sequence  of 
transition  matrices  P]x(s)]  and  then  differentiating  (5)  with  respect 
to  x(0),  we  get  the  familiar  result  that  the  vector  of  current  marginal 
probabilities  p(t)  depends  on  x(0)  but  to  a  geometrically  decaying  de- 
gree.   In  other  words,  the  process  is  mixing  with  respect  to  x(0). 

A  central  aspect  of  dynamic  models  is  their  recognition  that  the 
effects  of  a  particular  event  may  vary  over  time.    Typically,  an  event 
may  have  the  greatest  impact  on  other  events  occurring  near  it  in  the 
time  dimension  and  diminished  effects  on  events  relatively  far  in  the 
future.    Such  is  likely  to  be  the  case  with  an  individual's  genetic 
endowment,  whose  impact  on  health  and  cognitive  development  is  likely 
to  be  strongest  relatively  close  to  birth,  and  then  diminish  as  environ- 
mental influences  tend  to  grow.    One  extreme  assumption  is  to  suppose 
that  the  genetic  endowment  affects  only  the  probability  vector  for 
initial  states,  but  does  not  affect  the  transition  probabilities  once 
the  initial  states  are  realized.     In  terms  of  (5) ,  the  genetic  endow- 
ment would  be  an  element  of  x(0),  but  not  an  element  of  [x(s),  s  ■  1, 
2,  ...»  t] ,  so  that  its  effects  on  current  marginal  probabilities  de- 
cay geometrically.    The  corollary,  of  course,  is  that  the  correlation 
between  the  individual's  genetic  endowment  and  both  health  and  intel- 
lectual abilities  also  decays  with  time. 


One  should  note  that  there  is  a  direct  correspondence  between  the 
dynamic  model,  given  by  the  transition  function  (4),  and  the  cross- 
section  model  given  by  the  marginal  probability  function  (5) ,  which 
was  generated  by  (4)'.    Alternatively,  beginning  with  a  cross-section 
distribution,  we  can  reconstruct  a  simple  dynamic  model.    As  before, 
let  h^(t)  represent  the  health  status  of  individual  i  in  period  t.  For 
simplicity,  let  the  cross-section  distribution  be  conditional  on  the 
(unobserved)  genetic  endowment  (g  J  and  a  background  environmental  vari- 
able (e J  for  each  individual.    Restricting  our  attention  to  only  two 
periods  and  neglecting  error  terms,  we  have 


(6a)  hA(l)  -  ad)  qL  ♦  b(l)  e£ 


(6b)  ^(2)  -  a(2)  gA  ♦  b(2)  e± 


The  parameters  ad),  b(l),  a (2),  and  b(2)  are  negative  since  hd)  and 
h(2)  are  negative  health  indicators,  and  a  more  favorable  genetic 
endowment  or  a  more  favorable  home  environment  improves  health.  De- 
line  1    -  a(2)/a(l)  and  X    -  b(2>/b(l).    If  genetic  and  environmental 
9  e 

effects  decay,  then  0  <  X    <  1  and  0  <  X    <  1.    Solve  for  g.  in  (6a) 

g  e  l 

and  substitute  in  (6b)  to  obtain 

X 

(6c)  ^(2)  -  X    h  (1)  ♦  b2  CI  -       )  , 

e 

which  is  similar  to  (4)'.  Note  that  it  is  plausible  to  assume  that  ge- 
netic decay  exceeds  environmental  decay  (X^  <  X^) .    It  follows  that  the 


X 

parameter  of  e.  in  equation  (6c)— b (2)   (1  -       )— i»  negative.  There- 

1  • 
fore,  regardless  of  the  way  in  which  the  dynamic  model  is  derived,  we 

expect  •  favorable  environment  to  improve  health  in  period  2  with 

health  in  period  1  held  constant. 

This  simple  single-equation  model  of  transition  probabilities  can 

be  extended  without  difficulty  to  vector-valued  Markov  processes  with 

both  discrete  and  continuous  variables.    The  model  in  general  form  can 

be  written  , 

(7)  yi(t)  -  A  yi(t-l)  ♦  B  xi(t-l)  +  C  z£  ♦  ci(t) 

where  y. (t)  now  represents  a  vector  of  health  and  cognitive  development 
measures  in  period  t,  x^(t)  is  a  vector  of  time-varying  explanatory  vari- 
ables, z^  is  a  vector  of  time -invariant  socioeconomic  and  background 
variables,  and  A,  B,  and  C  are  matrices  of  coefficients  to  be  estimated. 
This  constitutes  the  basic  linear  model  which  we  estimate  in  Section  III. 

Two  comments  regarding  (7)  should  be  made.    First,  non-diagonality 
of  A  permits  mutual  feedback  between  the  processes  which  are  elements  of 
y.(t).     It  is,  however,  impossible  to  distinguish  how  this  feedback 
arises,  that  is,  whether  it  arises  because  of  structural  dependencies 
between  variables,  behavioral  regularities,  or  a  combination  of  both. 
We  note  that  testing  for  the  significance  of  off-diagonal  elements  of  A 
amounts  to  a  weak  test  for  causality  between  the  elements  of  y^ (t)  in 
the  sense  of  Granger  (1969) . 

Second,  it  should  be  emphasized  that  the  critical  assumption  under- 
lying the  dynamic  specification  of  this  model  is  not  that  the  unobserved 


genetic  component  is  unrelated  to  health  status  and  cognitive  development. 
Rather  it  is  that  past  observations  of  these  variables  already  embody 
genetic  factors  and  that  the  transition  functions  depend  only  on  environ- 
mental background  variables. 

II.     Empirical  Implementation 

A.    The  Data 

The  model  formulated  in  Section  I  is  estimated  using  data  from 
Cycles  II  and  III  of  the  U.S.  Health  Examination  Survey  (KES)  conducted 
by  the  National  Center  for  Health  Statistics  (NCHS) .    Cycle  II  is  a 
nationally  representative  sample  of  7,119  noninstitutionaliied  children 
aged  6  to  11  years  in  the  1963-65  period.    Cycle  III  is  a  nationally 
representative  sample  of  6,768  noninstitutionalired  youths  aged  12  to 
17  years  in  the  1966-70  period.    NCHS  did  not  try  to  reexamine  all  of 
the  children  in  Cycle  II  when  the  Cycle  III  sample  was  selected. 
Instead,  the  Cycle  III  design  was  such  that  roughly  one-third  of  the 
Cycle  II  sample  was  reexamined.    Specifically,  of  the  total  number  of 
children  in  Cycle  II,  2,177  also  are  in  Cycle  III.    Thus  taken  together 
the  two  cycles  represent  a  longitudinal  data  set  on  these  2,177  youths 
with  measures  of  health  and  cognitive  development  of  the  same  youth  at 

g 

two  different  ages.      There  are  no  17-year-olds  in  the  longitudinal 
sample  and  few  16-year-olds >  99  percent  of  the  sample  is  between  the 
ages  of  12  and  15. 

The  HES  data  comprise  medical  histories  of  each  youth  provided 
by  the  parent,  information  on  family  socioeconomic  characteristics, 
birth  certificate  information,  and  a  school  report  with  data  on  school 
performance  and  classroom  behavior  provided  by  teachers  or  other 


school  officials.    Host  important,  there  are  objective  measures  of  health 
from  detailed  physical  examinations  and  scores  on  psychological  (including 
IQ  and  achievement)  tests.    The  physical  examinations  were  given  to  the 
children  and  youths  by  pediatricians  and  dentists  employed  by  the  Public 
Health  Service  at  the  tine  of  each  cycle  of  the  HES.    Similarly,  the  IQ 
and  achievement  tests  were  given  to  the  children  and  youths  by  psycholo- 
gists employed  by  the  Public  Health  Service  at  the  time  of  each  cycle. 

Our  estimates  employ  panel  data  for  white  adolescents  who  lived 
with  either  both  of  their  parents  or  with  their  mothers  only  as  of  the 
date  of  the  Cycle  II  examination.    Black  adolescents  are  excluded  from 
the  empirical  analysis  because  Edwards  and  Grossman    (1979,  and  Chapters 
2  and  4)  have  found  significant  race  differences  in  slope  coefficients 
in  cross-sectional  research  with  Cycles  II  and  III.     In  addition, 
since  the  black  sample  is  too  small  to  allow  for  reliable-  coefficient 
estimates,  separate  estimates  for  black  adolescents  are  not  presented. 
With  two  exceptions  discussed  below,  observations  are  deleted  if  there 
axe  missing  data.    The  final  sample  size  is  1,434.    Table  1  contains 
definitions,  means,  and  standard  deviations  of  each  dependent  or  inde- 
pendent variable  in  the  regressions  fitted  in  Section  XIX*     It  also 
contains  a  notation  concerning  the  source  of  each  variable  (parents, 
birth  certificate,  physical  or  dental  examination,  psychological  ex- 
amination, or  school  form) .    The  adolescent  (current)  health  and  cog- 
nitive development  measures  from  Cycle  III  are  denoted  by  the  number  2 
at  the  end  of  a  variable  name.    The  corresponding  childhood  (lagged) 
health  and  cognitive  development  measures  are  denoted  by  the  number  1 
at  the  end  of  a  variable  name. 


TABLE  1 
Definition  of  Variable* 


Sample 

Variable    Sample      Standard  ^ 
Name         Mean       Deviation  Definition  Source 


A.     Cognitive  Development  Measures 

WISC1°      103.508      13.924  Youth1*  1Q  as  measured  by  vocabu- 

WISC2°      104.513      13.998  1«T  and  block  design  subtests  of 

the  Wechsler  Intelligence  Scale  for 
Children,  standardized  by  the  mean 
and  standard  deviation  of  four- 
month  age  cohorts,  in  Cycles  II 
and  III,  respectively 


WRATl 
WRAT21 


103.568      12.017  Youth's  school  achievement  as  mea- 

104.112      13.563  sured  by  the  reading  and  arithmetic 

subtests  of  the  Wide  Range  Achieve- 
ment Test,  standardized  by  the  mean 
and  standard  deviation  of  six-month 
age  cohorts,  in  Cycles  II  and  III, 
respectively 


B.     Health  y?asures 
.d 


APERIl 
APERI2C 


-.055 
-.138 


.792  Periodontal  Index,  standardized  by 

.852  the  mean  and  standard  deviation 

for  one-year  age-sex  cohorts,  in 
Cycles  II  and  III,  respectively 


ABN1 
ABN2 


,096         .294  Dummy  variables  that  equal  one  if 

.188         .391  the  physician  finds  a  significant 

abnormality  in  examining  the  youth, 
in  Cycles  II  and  III,  respectively 


HDBPl 
HDBP2 


,054         .226  Dummy  variables  that  equal  one  if 

,054         .227  youth's  average  diastolic  blood 

pressure  is  greater  than  the  95th 
percentile  for  the  youth's  age  and 
sex  class,  in  Cycles  II  and  III, 
respectively 


(continued  on  next  page) 


TABLE  1  (continued) 


Variable  Sample 
Name  Mean 


Sample 
Standard 
Deviation 


Definition 


Source 


OBESEl 
0BESE2 


.110 
.094 


,312 
,292 


Dummy  variables  that  equal  one 
if  youth's  weight  is  greater 
than  the  90th  percentile  for 
youth's  age,  sex,  and  height 
class,  in  Cycles  II  and  III, 
respectively 


PFGHEALTH1      .441  .497  Dummy  variables  that  equal  one 

PFGHEALTH2      .272  .445  if  parental  assessment  of 

youth's  health  is  poor,  fair  or 
good  in  Cycles  II  and  III, 
respectively.    Variable  equals 
zero  if  assessment  is  very  good 
in  Cycle  II  and  very  good  or 
excellent  in  Cycle  III;  there 
is  no  excellent  category  in 
Cycle  II 

SCHABSle        .033         .178  Dummy  variables  that  equal  one 

SCHABS2         .054         .221  if  youth  has  been  excessively 

absent  from  school  for  health 
reasons  during  the  past  six 
months,  in  Cycles  II  and  III, 
respectively 

SCHABSUK1        .068         .252  Dummy  variable  that  equals  one 

if  information  about  school 
absence  in  Cycle  II  is  not 
avai lable 


C.    Family  and  Youth  Characteristics 


FE DUCAT  11.310 


3.355  Years  of  formal  schooling  com- 

pleted by  father 


ME DUCAT  11.216 


2.704  Years  of  formal  schooling  com- 

pleted by  mother 


(continued  on  next  page) 


TABLE  1  (continued) 


Sample 

Variable    Sample  Standard 

Name         Mean       Deviation  Definition  Source1* 


FINC  8.060       4.607  Continuous  family  income  (in 

thousands  of  dollars)  computed 
by  assigning  mid-points  to  the 
following  closed  income  inter- 
vals, $250  to  the  lowest  inter- 
val, and  $20,000  to  the  highest 
interval.    The  closed  income 
classes  are: 


$500 

$999 

$1,000 

$1,999 

$2,000 

$2,999 

$3,000 

$3,999 

$4,000 

$4,999 

$5,000 

$6,999 

$7,000 

$9,999 

$10,000 

$14,999 

LESS20         3.700       1.813  Number  of  persons  in  the  house- 

hold 20  years  of  age  or  less 


MWORXFT         .149         .356  Dummy  variables  that  equal  one 

MWORKPT         .149         .356  if  the  mother  works  full-time 

or  part-time,  respectively! 

omitted  class  is  mother  does 

not  work 


NEAST  .265         .442  Dummy  variables  that  equal  one 

MWEST  .315         .465  if  youth  lives  in  Northeast, 

SOUTH  .203         .402  Midwest,  or  South,  respectively; 

omitted  class  is  residence  in 

West 


(continued  on  next  page) 


TABLE  1  (continued) 


Sample 

Variable    Sample  Standard 
Name         Mean  Deviation 


Definition 


Source 


URBl  .189  .392  Dummy  variables  that  equal  one 

URB2  .126  .331  if  youth  lives  in  an  urban  area 

URB3  .200  .400  with  a  population  of  3  million 

nurb  .140  .347  or  more  (URBl) t  in  an  urban 

area  with  a  population  between 
1  million  and  3  million  (URB2) ; 
in  an  urban  area  with  a  popula- 
tion less  than  1  million  (URB3) i 
or  in  a  non-rural  and  non- 
urbanized  area  (NURB) j  omitted 
class  is  residence  in  a  rural 
area 

LIGHTA         .008  .091  Dummy  variable  that  equals  one 

if  youth's  birth  weight  was 
under  2,000  grams  (under  4.4 
pounds) 


LIGHTB  .054 


.227  Dummy  variable  that  equals  one 

if  youth's  birth  weight  was 
equal  to  or  greater  than  2,000 
grams  but  under  2,500  grams 
(under  5.5  pounds) 


BWUK  .138  .345  Dummy  variable  that  equals  one 

if  youth's  birth  weight  is  un- 
known 


FYPH 


068  .252  Dummy  variable  that  equals  one 

if  parental  assessment  of  child's 
health  at  one  year  was  poor  or 
fair  and  zero  if  it  was  good 


BFED  .302  .459  Dummy  variable  that  equals  one 

if  the  child  was  breast  fed 


LMAG  .057  .231  Dummy  variable  that  equals  one 

if  the  mother  was  less  than  20 
years  old  at  birth  of  youth 


(continued  on  next  page) 


TABLE  1  (concluded) 


Sample 

Variable    Sai&ple      Standard  ^ 
Name         Mean       Deviation  Definition  Source 


KiAG 


.119  .324 


Dummy  variable  that  equals  one 
if  mother  was  more  than  35 
years  old  at  birth  of  youth 


NOFATH 


,047  .213 


Dummy  variable  that  equals  one 
if  youth  lives  with  mother 
only 


FIRST 


.292  .455 


Dummy  variable  that  equals  one 
if  youth  is  the  first  born  in 
the  family 


TWIN 


.028  .165 


Dummy  variable  that  equals  one 
if  youth  is  a  twin 


FLANG 


.110  .312 


Dummy  variable  that  equals  one 
if  a  foreign  language  is 
spoken  in  the  home 


MALE 


.522  .500 


Dummy  variable  that  equals  one 
if  youth  is  a  male 


AGE 


9.712  1.042 


INTERVAL      42.327  6.404 


Age  of  youth 

Number  of  months  between  the 
physical  examinations  given 
for  the  Cycle  II  survey  and 
the  Cycle  III  survey 


1 
3 
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Footnotes  te  TABLE  1 

aThe  means  and  standard  deviations  are  for  the  sample  of  1,434  whit* 
youths  described  in  the  text. 

The  sources  are  1  -  parents,  2  -  birth  certificate,  3  -  physical 
examination,  4  ■  psychological  examination,  5  ■  school  form. 

°The  mean  of  this  variable  is  not  equal  to  100  because  standard- 
ization was  done  using  the  entire  Cycle  II  or  Cycle  III  sample  rather 
than  the  subsample  reported  here.    In  particular  the  mean  in  excess  of 
100  reflects  the  better  cognitive  development  of  white  youths  compared 
to  black  youths. 

dThe  mean  of  this  variable  is  not  zero  because  standardization  was 
done  using  the  entire  Cycle  II  or  Cycle  III  sample  rather  than  the  sub- 
sample  reported  here.    In  particular  the  negative  mean  reflects  the 
better  oral  health  of  white  youths  compared  to  black  youths. 

eThe  mean  and  standard  deviation  are  based  on  a  subsample  of  1,321 
youths  for  whom  the  school  form  was  available. 

*A11  family  and  youth  characteristics  are  from  Cycle  II  unless 
otherwise  stated. 

^For  youths  who  were  not  currently  living  with  their  father, 
father's  education  was  coded  at  the  mean  of  the  sample  for  which  father's 
education  was  reported. 


assessment  of  the  youth's  overall  health  ( PFG HEALTH 1 ,  PFGHEALTH2) ;  and 
excessive  school  absence  for  health  reasons  during  the  past  six  months 
(SCHABSl,  SCHABS2).    The  six  health  measures  are  negativ*  correlates 
of  good  health,  and  with  the  exception  of  the  periodontal  index,  they 
are  dichotomous  variables.    In  selecting  them  we  are  guided  by  previous 
research  by  Edwards  and  Grossman  and  by  their  detailed  discussions  of 
the  'measurement  of  health  in  Cycles  II  and  III  of  the  HES  (Edwards  and 
Grossman  1979,  and  Chapters  2  and  4. 

Briefly,  our  choice  of  health  measures  is  based  on  several  criteria 
Clearly,  health  is  a  multidimensional  concept,  and  we  try  to  paint  as 
complete  a  picture  as  possible  of  the  health  of  youths  in  the  HES  panel. 
Based  on  Edwards  and  Grossman's  selection  criteria  for  their  cross- 
sectional  study  of  adolescent  health  in  Cycle  III    (see  Chapter  4)  ,  we 
include  at  least  two  indicators  of  ohvsiological  health, 
obesity  and  the  periodontal  index,  that  (1)  reflect  deterimental  health 
behaviors  or  life  styles  that  may  persist  and  create  more  serious  health 
problems  in  adulthood  and  (2)  potentially  can  be  modified  by  endogenous 
inputs  in  the  health  production  function  such  as  proper  diet,  parents' 
time,  and  preventive  medical  care.11    Appropriate  dental  care  provided 
by  dentists  can  have  a  direct  impact  on  periodontal  disease.    The  extent 
of  this  disease  and  obesity  reflect  basic  nutritional  factors  that  can 
be  modified  by  the  appropriate  diet.    Pediatricians  and  dentists  can 
make  dietary  recommendations  to  parents;  thus  preventive  medical  con- 
tacts with  health  personnel  and  the  parents'  time  are  relevant  determi- 
nants of  these  outcomes.    Moreover,  poor  oral  health  and  obesity  in 
adolescence  are  positively  correlated  with  these  conditions  in  adulthood. 


B.  Measurement  of  Cognitive  Development 

s~  Two  measures  of  cognitive  development  are  employed:    an  IQ  measure 

derived  from  two  subtests  of  the  Wechsler  Intelligence  Scale  for  Chil- 
dren (WISCl,  WISC2) ,  and  a  school  achievement  measure  derived  from  the 
reading  and  arithmetic  subtests  of  the  Wide  Range  Achievement  Test 
(WRATl,  WFAT2 ) .     Both  measures  are  scaled  to  have  means  of  100  and 
standard  deviations  of  15  for  each  age-group  (four-month  cohorts  are 
used  for  WISC  and  six-month  cohorts  are  used  for  WRAT)  The  inade- 

quacies of  these  variables  as  indexes  of  overall  cognitive  development 
are  well  known.    Nevertheless,  they  continue  to  be  widely  used  because 
they  provide  a  readily  obtainable  measure  that  is  roughly  comparable 
across  a  diverse  population. 

WISC  is  a  common  IQ  test,  similar  to  (and  highly  correlated  with 
results  from)  the  Stanford-Binet  IQ  test  (NCHS  1972) .    The  full  test 
consists  of  twelve  subtests,  but  only  two  of  these  were  administered  in 
the  HES.     IQ  estimates  based  on  the  vocabulary  and  block  design  sub- 
tests are  very  highly  correlated  with  those  based  on  all  twelve  sub- 

ests   (NCHS  1972) .     The  two  WRAT  achievement  tests  used  in  the  HES 
were  found  to  "...  have  reasonably  good  construct  validity  as  judged 
by  their  relationship  to  conventional  achievement  tests  (NCHS  1967b)." 

C.  Measurement  of  Health 
Six  measures  of  childhood  and  adolescent  health  are  employed: 

oral  health  as  reflected  by  the  periodontal  index  (APERI1,  APERI2); 
obesity  (OBESE1,  0BESE2) ;  the  presence  of  one  or  more  significant 
abnormalities  as  reported  by  the  examining  physician  (ABN1,  ABN2) ; 
high  diastolic  blood  pressure  (HDBPl,  HDBP2) ;  the  parent's 
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Finally,  their  presence  in  adolescence  previews  the  propensity  of  a  youth 
to  adopt  a  whole  range  of  unhealthy  practices,  such  as  smoking,  excessive 
alcohol  consumption,  and  the  failure  to  wear  seat  belts,  in  adulthood. 

Although  the  health  measures  other  than  obesity  and  the  periodontal 
index  are  less  relevant  in  terms  of  the  Edwards -Grossman  criteria,  they 
convey  useful  information.    There  is  a  lack  of  consensus  among  pediatri- 
cians concerning  the  importance  of  high  blood  pressure  in  youths  and  the 
appropriate  treatment  (National  Heart,  Lung,  and  Blood  Institute's  Task 
Force  1977).    Yet  it  is  of  interest  to  study  the  relationship  between 
this  condition,  other  health  conditions,  and  cognitive  development;  and 
to  shed  light  on  its  potential  impacts  and  on  the  pure  environmental 
contribution  of  family  background. To  a  large  extent,  the  health  prob- 
lems identified  as  significant  abnormalities  are  not  subject  to  medical 
intervention,  but  they  may  impinge  on  many  aspects  of  current  and  future 
well-being.    Parental  rating  of  their  offspring's  health  suffers  from 
the  defect  that  it  is  a  subjective  indicator:    parents  with  low  levels 
of  income  and  schooling  are  likely  to  be  dissatisfied  with  many  aspects 
of  their  life  including  the  health  of  their  offspring.    By  holding  con- 
stant the  lagged  value  of  this  variable,  however,  we  purge  it  of  some 
if  not  all  of  its  subjective  element.    Excessive  school  absence  due  to 
illness  in  a  six-month  period  may  reflect  a  natural  sequence  of  adoles- 
cent diseases  and  acute  conditions  that  are  self-limiting  in  nature  and 
do  not  reflect  future  health  problems.    But  excessive  absence  may  be 
detrimental  to  cognitive  development.    In  addition,  youths  with  serious 

health  problems  are  more  susceptible  to  acute  conditions  and  are  more 
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likely  to  have  them  for  extended  periods  of  time. 


It  should  be  noted  that  some  health  indicators  are  excluded  frcu 
our  empirical  estimates  because  they  are  very  rare  or  because  compara- 
ble measures  are  not  available  in  both  cycles  of  the  HES.  Abnormal 
hearing  is  not  studied  because  its  prevalence  rate  is  less  than  1  per- 
cent in  each  cycle*    Iron-deficiency  anemia,  as  reflected  by  low 
hematocrit  levels,  is  excluded  because  blood  tests  were  administered  in 
Cycle  III  but  not  in  Cycle  II.    Abnormal  corrected  binocular  distance 
vision  is  available  in  Cycle  III,  but  it  is  not  available  in  Cycle  II 
because  children  who  wore  eyeglasses  were  examined  without  their 
glasses.    Hence,  poor  vision  cannot  be  employed  in  the  longitudinal 
analysis. 

With  regard  to  the  six  childhood  and  adolescent  health  measures 
that  we  do  study,  the  definitions  of  obesity  (0BESE1,  0BESE2) ;  high 
diastolic  blood  pressure  (HDBPl,  HDBP2) ;  and  parental  assessment  of 
health  (PFGHEALTHl,  PFGHEALTH2)  in  Table  1  are  self-explanatory.  The 
periodontal  index  (APERl ,  APERI2)  is  a  good  overall  indicator  of  oral 
health  as  well  as  a  positive  correlate  of  nutrition  (Russell  1956). 
Kelly  and  Sanchez  (1972,  pp.  1-2)  describe  the  periodontal  index  as 
follows: 


Every  tooth  in  the  mouth  ...  is  scored  according  to  the 
presence  or  absence  of  manifest  signs  of  periodontal 
disease.    When  a  portion  of  the  free  gingiva  is  inflamed, 
a  score  of  1  is  recorded.    When  completely  circumscribed 
by  inf lanmation,  teeth  are  scored  2.    Teeth  with  frank 
periodontal  pockets  are  scored  6  when  their  masticatory 
function  is  unimpaired  and  8  when  it  is  impaired.  The 
arithmetic  average  of  all  scores  is  the  individual's 
[periodontal  index],  which  ranges  from  a  low  of  0.0 
(no  inflammation  or  periodontal  pockets)  to  a  high  of 
8.0  (all  teeth  with  pockets  and  impaired  function). 


Due  to  the  significant  age  and  sex  trends  in  the  periodontal  index,  our 
measure  is  computed  as  the  difference  between  the  adolescent's  actual 
index  and  the  mean  index  for  his  or  her  age-sex  group  divided  by  the 
standard  deviation  for  that  age-sex  group.    Higher  values  of  APERI 
denote  poorer  values  of  oral  health.    Note  that  poor  oral  health  is  one 
of  the  few  health  problems  for  which  well-defined  continuous  measures 
of  poor  health  have  been  constructed. 

Significant  abnormalities  (ABNl,  ABN2)  include  heart  disease; 
neurological,  muscular,  or  joint  conditions;  other  major  diseases; 
and  in  Cycle  III  only  otitis  media.    This  last  condition  constitutes  a 
relatively  small  percentage  {approximately  1  percent)  of  all  reported 
abnormalities  in  Cycle  III.    Excessive  school  absence  due  to  illness 
in  the  past  six  months  (SCHABSl,  SCHABS2)  is  taXen  from  information 
provided  by  the  child's  or  youth's  school.    There  is  no  school  form 
for  roughly  7  percent  of  the  sample.    Since  excessive  absence  due  to 
illness  is  the  only  variable  taken  from  the  school  form,  a  dummy  vari- 
able that  identifies  youths  with  missing  Cycle  II  school  forms 
(SCHABSUKl)  is  included  in  all  regression  equations  as  an  independent 
variable.    Youths  without  a  Cycle  III  school  form  are  eliminated  from 
the  empirical  analysis  only  when  SCHABS2  is  the  dependent  variable. 


D.    Measurement  of  Other  Variables 

In  addition  to  lagged  (childhood)  health  and  cognitive  develop- 
ment, each  regression  contains  the  set  of  family  and  youth  character- 
istics defined  in  part  C  of  Table  1.    We  will  not  discuss  the  role  of 
each  member  of  this  set  because  detailed  treatments  can  be  found  in 
previous  research  by  Edwards  and  Grossman  (1979,  and  Chaoters  2  and  4). 


Instead,  we  conclude  this  section  with  a  few  general  comments  on  several 
family  and  youth  characteristics. 

We  are  particularly  concerned  with  the  effects  of  three  family  back- 
ground or  home  environmental  variables!    mother's  schooling  (MEDUCAT) , 
father's  schooling  (FEDUCAT) ,  and  family  income  (FINC) .    Parents'  school- 
ing reflects  their  efficiency  in  the  production  of  their  offspring's 
health  and  cognitive  development,  while  family  income  reflects  command 
over  resources.    In  general  we  do  not  discuss  the  effects  of  other  back- 
ground variables  in  this  paper,  but  it  should  be  realized  that  all  ef- 
fects that  we  do  discuss  control  for  (hold  constant)  the  impacts  of 
these  variables. with  the  exception  of  the  number  of  months  between 
the  date  on  which  a  youth  was  examined  in  Cycle  II  and  the  date  on  which 
he  was  examined  in  Cycle  III  (INTERVAL) ,  all  family  and  youth  character- 
istics are  taken  from  Cycle  II.    Thus,  we  relegate  to  future  research  a 
study  of  the  effects  of  changes  over  time  in  background  variables  such 
as  family  income  and  mother's  labor  force  status. 

The  youth's  age  as  of  the  Cycle  II  exam  (AGE)  and  sex  (MALE)  are 
included  in  regressions  in  which  the  dependent  variable  is  not  adjusted 
for  age  and  sex.    Hence,  they  are  employed  in  regressions  that  explain 
the  presence  of  significant  abnormalities,  parental  assessment  of  health, 
and  excessive  school  absence  due  to  illness.    Sex  but  not  age  is  included 
in  regressions  that  explain  the  two  cognitive  development  measures.14 


III.    Empirical  Results 
Ordinary  least  squares  multiple  regression  equation!  for  the  depend- 
ent variables  WISC 2 ,  WKAT2,  APERI2,  ABN2,  HDBP2 ,  PFGHEALTH2,  OBESE 2,  and 
SCHABS2  are  given  in  Tables  A-l  through  A-8  in  the  appendix.    Since  the 
six  adolescent  health  measures  are  negative  correlates  of  good  health, 
negative  effects  of  family  background  and  lagged  cognitive  development  in 
the  health  equations  reflect  factors  associated  with  better  health  out- 
comes.    Similarly,  positive  coefficients  of  lagged  health  in  the  current 
health  equations  signify  that  poor  health  in  childhood  is  associated  with 
poor  health  in  adolescence.    Finally,  negative  coefficients  of  lagged 
health  in  the  current  cognitive  development  equations  mean  that  poor 
health  in  childhood  reduces  cognitive  development  in  adolescence.  Al- 
though five  of  the  eight  dependent  variables  are  dichotomous,  the  method 
of  estimation  is  ordinary  least  squares.    Preliminary  investigation  re- 
vealed almost  no  differences  between  ordinary  least  squares  estimates 
and  dichotomous  logit  estimates  obtained  by  the  method  of  maximum  like- 
lihood.   Except  when  the  periodontal  index  is  the  dependent  variable, 
each  fitted  health  equation  can  be  interpreted  as  a  linear  probability 
function  in  which  the  regression  coefficient  of  a  given  continuous 
variable  shows  the  change  in  the  conditional  probability  of  poor  adoles- 
cent health  for  a  one-unit  change  in  the  independent  variable.    The  re- 
gression coefficient  of  a  dichotomous  variable  shows  the  difference  in 
conditional  probabilities  between  the  two  groups  in  question.  The 
evidence  with  regard  to  causal  priomess  is  discussed  in  the  first  part 
of  this  section.    The  estimated  effects  of  family  background  are  dis- 
cussed in  the  second  part. 


A.    Causal  Priorness 

Table  2  contains  the  8  by  8  matrix  of  lagged  coefficients  fron  the 
regression  equations.    The  main  diagonal  elements  of  the  matrix  are  the 
own-lagged  effects  or  the  regression  coefficients  of  the  lagged  dependent 
variable.    For  example,  the  regression  coefficient  of  WISCl  in  the  wise 2 
equation  is  .60,  and  the  coefficient  of  HDBPl  in  the  HDBP2  equation  is 
.17.    The  off-diagonal  elements  of  the  matrix  provide  information  with 
regard  to  mutual  feedback  between  health  and  cognitive  development, 
mutual  feedback  between  various  health  conditions,  and  mutual  feedback 
between  IQ  (WISC)  and  school  achievement  (WHAT) . 

Each  of  the  eight  own-lagged  effects  is  positive  and  statistically 
significant  at  all  conventional  levels  of  confidence.*5    The  coefficients 
range  from  a  high  of  .73  in  the  case  of  WRAT  to  a  low  of  .15  in  the  case 
of  ABN.16    These  coefficients  are  not  without  interpretation.  Coefficients 
close  to  one  serve  as  indicators  that  a  particular  process  is  relatively 
slow  frequency  or  slowly  changing.    Coefficients  close  to  zero  indicate  a 
higher  frequency  process.    For  the  five  dichotomous  health  measures,  the 
own-lagged  coefficients  can  be  interpreted  as  the  degree  of  persistence 
in  the  particular  aspect  of  health  in  question.    This  can  be  seen  imme- 
diately since  the  lagged  coefficient  is  the  difference  between  the  ex- 
pected conditional  probability  of  an  adolescent  health  condition  given 
that  the  same  condition  was  present  in  childhood  and  the  conditional 
probability  given  that  the  condition  was  absent  in  childhood.  Obesity 
is  the  most  persistent  of  the  dichotomous  measures:    obese  children  have 
approximately  50  percentage  point  higher  probabilities  of  being  obese 
adolescents  than  non-obese  children. 
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The  most  striking  message  in  Table  2  is  that  causality  from  cogni- 
tive development  to  health  is  much  more  important  than  causality  from 
health  to  cognitive  development.    None  of  the  six  health  measures  la 
statistically  significant  in  the  WRAT  equation.    Moreover,  the  null 
hypothesis  that  no  member  of  the  set  of  six  health  variables  has  a  non- 
zero effect  on  WRAT2  is  accepted  at  the  5  percent  level.17    In  the 
WISC2  equation,  only  two  of  the  six  health  coefficients  are  significant 
at  the  5  percent  level.    Specifically,  youths  who  had  one  or  more  sig- 
nificant abnormalities  in  childhood  have  WISC  scores  that  are  approxi- 
mately 2  points  lower  than  other  youths.    A  similar  differential  emerges 
when  the  WISC  scores  of  youths  with  high  diastolic  blood  pressure  in 
childhood  are  compared  to  those  of  other  youths. 

Although  only  two  of  the  twelve  health  coefficients  are  significant 
in  the  cognitive  development  equations,  five  of  the  twelve  cognitive  de- 
velopment coefficients  are  significant  at  the  5  percent  level  in  the 
health  equations.    Put  differently,  at  least  one  of  the  two  cognitive 
development  variables  is  significant  in  four  of  the  six  health  equations, 
and  both  are  significant  in  the  periodontal  index  equation.    Given  the 
high  correlation  between  WISCl  and  WRATl  (  r  -  .63),  this  is  an  impres- 
sive finding.    All  of  the  significant  cognitive  development  coefficients 
have  the  predicted  negative  sign.     In  particular,  an  increase  in  cogni- 
tive development  in  childhood  reduces  the  periodontal  index,  the  prob- 
ability of  at  least  one  significant  abnormality,  the  probability  of  a 
parental  rating  of  health  that  is  worse  than  very  good,  and  the  prob- 
ability  of  excessive  school  absence  due  to  illness  in  adolescence. 
Moreover,  the  negative  effect  of  school  achievement  on  obesity  is 


statistically  significant  at  the  7.5  percent  level  although  not  at  the 

5  percent  level.     Finally,  both  HISC  and  WRAT  lower  the  probability  of 

high  blood  pressure,  although  neither  regression  coefficient  is  sig- 
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nificant  even  at  the  10  percent  level. 

With  regard  to  other  causal  relationships  in  Table  2,  there  is 
evidence  of  mutual  feedback  between  IQ  and  school  achievement.  There 
is  also  evidence  that  obesity  in  childhood  causes  poorer  oral  health 
and  high  blood  pressure  in  adolescence.    Moreover,  a  parental  rating 
of  health  in  childhood  as  poor,  fair,  or  good  (as  opposed  to  very  good) 
is  associated  with  excessive  school  absence  due  to  illness  in  adoles- 
cence.   Finally,  there  is  one  seemingly  "perverse"  and  statistically 
significant  relationship  in  the  tablet    high  blood  pressure  in  child- 
hood is  associated  with  better  oral  health  in  adolescence. 

A  full  explanation  of  the  more  interesting  causal  relationships 
in  Table  2  is  both  difficult  and  challenging.    As  we  pointed  out  in 
Section  I,  strictly  speaking  it  is  impossible  to  distinguish  how  feed- 
backs arise  in  our  simple  dynamic  model.    Nevertheless,  a  number  of 
relevant  factors  can  be  mentioned,  partly  as  hypotheses  for  future 
research.    The  causal  effects  of  childhood  health  on  adolescent  health 
probably  reflect  structural  dependencies  rather  than  behavioral  regu- 
larities.   To  be  specific,  the  causal  effect  of  obesity  on  high  blood 
pressure  can  be  traced  to  a  physiological  relationship.  Physicians 
indicate  that  obesity  is  a  risk  factor  in  the  incidence  of  high  blood 
pressure  in  adolescents,  although  their  supporting  evidence  relies  on 
cross-sectional  data  (see  National  Heart,  Lung,  and  Blood  Institute's 
Task  Force  1977).    The  causal  priorness  of  obesity  in  poor  oral  health 
outcomes  can  be  traced  to  basic  nutritional  factors  that  are  known  to 


be  associated  with  periodontal  disease  (Russell  1956).    That  is,  obese 
children  are  likely  to  consume  foods  that  are  detrimental  to  oral 
health. 

Causal  effects  of  childhood  cognitive  development  on  adolescent 
health  can  be  plausibly  attributed  to  behavioral  regularities  as 
opposed  to  structural  dependencies.    Adolescents  are  more  active  pro- 
ducers of  their  own  health  than  children.    Thus  the  adolescent's  time 
and  efficiency  are  important  variables  in  the  health  production  func- 
tion.   For  example,  more  intelligent  youths  are  more  likely  to  be  able 
to  follow  doctors'  and  parents'  instructions,  to  have  general  informa- 
tion about  nutrition,  and  to  be  willing  and  able  to  acquire  medical  in- 
formation from  published  materials.    Consequently,  one  would  expect 
such  youths  to  have  higher  health  levels  than  their  less  intelligent 
peers.    It  should  be  noted  that  an  individual's  cognitive  development, 
measured  by  IQ  or  by  achievement  tests,  is  perhaps  the  most  important 

determinant  of  the  number  of  years  of  formal  schooling  that  he  ulti- 
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mately  completes.        Therefore,  the  causal  effect  of  cognitive  develop- 
ment on  adolescent  health  can  be  viewed  as  the  early  forerunner  of  the 
positive  impact  of  schooling  on  good  health  for  adults  in  the  United 
States  reported  by  Grossman  (1975),  Shakotko  (1977),  and  others.20 

Although  feedback  from  childhood  health  to  adolescent  cognitive 
development  is  not  as  strong  as  feedback  from  cognitive  development  to 
health,  we  do  report  important  effects  for  high  blood  pressure  and  sig- 
nificant abnormalities.    Moreover,  Grossman  (1975)  finds  that  years  of 
college  completed  is  negatively  related  to  poor  health  status  in  high 
school.     In  addition,  Leveson,  Ullman,  and  Wassail  (1969)  cite  a 
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number  of  studies  indicating  that  about  5  to  7  percent  of  persons  dropping 
out  of  high  school  in  the  United  States  have  done  so  primarily  because  of 
illness.    Our  findings  and  these  call  attention  to  the  existence  of  a  con- 
tinuing interaction  between  health  and  intellectual  development  over  the 
life  cycle. 

B.     Family  Background  Effects 

Table  3  contains  regression  coefficients  of  mother's  schooling 
(ME DUCAT) ,  father's  schooling  (FE DUCAT) ,  and  family  income  (FINC) ,  in 
the  eight  cognitive  development  and  health  functions.    The  estimates  in 
the  first  three  columns,  labeled  cross-sectional  coefficients,  are  taken 
from  multiple  regressions  that  control  for  all  family  and  youth  charac- 
teristics in  Table  1  but  exclude  all  lagged  (childhood)  cognitive  de- 
velopment and  health  measures.    The  estimates  in  the  last  three  columns, 
labeled  dynamic  coefficients,  are  taken  from  multiple  regressions  that 
include  all  lagged  cognitive  development  and  health  measures  as  well  as 
family  and  youth  characteristics.    The  first  set  of  estimates  shows 
hackground  effects  computed  in  a  cross-section.    The  second  set  shows 
background  effects  estimated  in  a  dynamic  context  which  controls  for 
initial  levels  of  cognitive  development  and  health.    As  we  argued  in 
Section  X,  the  dynamic  estimates  are  free  of  genetic-bias;  they  indicate 
the  pure  contribution  of  the  home  environment  to  cognitive  development 
and  health  outcomes  in  adolescence. 

When  the  lagged  variables  are  omitted  from  the  cognitive  develop- 
ment functions,  all  six  family  background  coefficients  are  positive  and 
statistically  significant.    When  the  lagged  variables  are  included. 


TABLE  3 

Regression  Coefficients  of  Parent's  Schooling  and  Family  Income' 


a,b 


Independent 
.Variable 


Cross-Section  Coefficients 


Dynamic  Coefficients 


Dependent 
Variable 

ME DUCAT 

FEDUCAT 

FINC 

MEDUCAT 

FEDUCAT 

FINC 

WISC  2 

.986 
(6.19) 

.904 
(6.80) 

.288 
(3.33) 

.146 
(1.32) 

.207 
(2.24) 

.135 
(2.27) 

WRAT2 

.942 
(6.03) 

.&05 
(6.18) 

.271 
(3.20) 

.177 
(1.79) 

.136 
(1.65) 

.103 
(1.94) 

APERI2 

-.039 
(-3.67) 

-.019 
(-2.17) 

0.005 
(-0.91) 

-.023 
(-2.25) 

-.006 
(-0.75) 

.0001 
(0.00) 

-.002 
(-0.36) 

-.005 
(-1.26) 

.004 
(1.60) 

.003 
(0.51) 

-.003 
(-0.65) 

.005 
(1.83) 

HDBP2 

-.005 
(-1.84) 

.002 
(0.66) 

-.001 
(-0.33) 

-.003 
(-0.89) 

.003 
(1.07) 

-.001 
(-0.53) 

PFGHEALTH2 

-.015 
(-2.71) 

-.012 
(-2.47) 

-.007 
(-2.21) 

-.009 
(-1.69) 

-.006 
(-1.23) 

-.001 
(-0.47) 

0BESE2 

-.012 
(-3.19) 

.00002 
(0.00) 

.001 
(0.55) 

-.005 
(-1.42) 

.001 
(0.53) 

.0004 
(0.21) 

SCHABS2 

-.010 
(-3.11) 

.003 
(1.09) 

-.002 
(-1.32) 

-.008 
(-2.46) 

.004 
(1.35) 

-.001 
(-0.66) 

t-ratios  are  in  parentheses.    The  critical  t-ratios  at  the  5  percent 
level  of  significance  are  1.64  for  a  one-tailed  test  and  1.96  for  a  two- 
tailed  test.    The  cross-sectional  coefficients  are  taken  from  multiple 
regressions  that  contain  all  family  and  youth  characteristics.  The 
dynamic  coefficients  are  taken  from  multiple  regressions  that  contain  all 
variables. 

^Source:     Appendix  Tables  A-l  through  A-8  (dynamic  estimates  only). 


only  the  coefficient  of  mother's  schooling  in  the  WISC2  regression  becomes 
insignificant.     The  magnitudes  of  the  dynamic  family  background  effects 
are,  however,  much  smaller  than  the  magnitudes  of  the  cross -sectional  ef- 
fects.   To  be  precise,  the  ratios  of  dynamic  coefficients  to  the  corre- 
sponding cross-sectional  coefficients  range  from  .15  in  the  case  of 
mother's  schooling  in  the  WISC2  equation  to  .47  in  the  case  of  family  in- 
come in  the  same  equation. 

In  the  cross-sectional  health  regressions,  all  six  regression  co- 
efficients of  mother's  schooling  are  negative,  and  only  the  coefficient 
in  the  abnormality  equation  is  not  significant.    Father's  schooling  has 
negative  and  significant  coefficients  in  two  equations  alone:  those 
for  the  periodontal  index  and  parental  assessment  of  health.     In  the 
latter  equation  but  nowhere  else  the  family  income  effect  is  negative 
and  significant.    The  eight  statistically  significant  background  ef- 
fects are  reduced  .in  absolute  value  when  adolescent  health  and  cogni- 
tive development  are  included  in  the  regressions.    The  ratios  of  the 
dynamic  coefficients  to  the  corresponding  cross-sectional  coefficients 
range  from  .14  in  the  case  of  family  income  in  the  PFGHEALTH2  equation 
to  .80  in  the  case  of  mother's  schooling  in  the  SCHABS2  equation. 
Moreover,  there  are  only  three  statistically  significant  dynamic  co- 
efficients at  the  5  percent  level:      those  belonging  to  mother's  school- 
ing in  the  APERI2,  p FG health 2 ,  and  SCHABS2  equations.    Note  that  the 
negative  effect  of  mother's  schooling  on  obesity  is  significant  at  the 
8  percent  level  but  not  at  the  5  percent  level. 

A  clear  message  in  Table  3  is  that  the  dynamic  effects  of  family 
background  on  cognitive  development  and  health  are  much  smaller  than 


the  cross-sectional  effects.    It  is  important  to  realize  that  this  find- 
ing does  not  mean  that  family  background  is  an  unimportant  determinant 
of  adolescent  health  and  cognitive  development.    The  dynamic  effects  axe 
short-run  effects  in  the  sense  that  they  hold  constant  the  lagged  values 
of  health  and  cognitive  development.    Since  these  lagged  values  depend 
on  family  background,  the  cumulative  or  long-run  impacts  of  family 
background  are  likely  to  exceed  the  dynamic  or  short- run  impacts.  To 
be  precise,  if  cross-lagged  effects  are  ignored,  a  full  representation 
of  the  dynamic  health  process  that  we  study  is 

(8)  h(l)  «  ag  +  b(l)  e 

(9)  h(t)  -  a(t)  h(t-l)  ♦  b(t)  e,  t  -  2,  n 

In  these  equations  h(t)  is  health  at  age  t,  g  is  genetic  endowment,  and  e 
is  the  home  environment.    Solving  recursively,  one  obtains 


(10) 


t  t-1  i 

h(t)  -  la  n    a(t)J  g  ♦  [b(t)  ♦    I    b(i)      II      a(j)J  e 
i-1  i-1  j-t-1 


The  parameter  of  e  in  equation  ilO)  is  the  cumulative  environmental  effect. 
If  the  b(i)  all  have  the  same  sign,  the  long-run  parameter  unambiguously 
exceeds  b(t)  in  absolute  value.    The  long-run  effect  may  be  larger  or 
smaller  than  the  cross-sectional  effect  obtained  by  regressing  h(t)  on  e 
with  g  omitted.    Since  it  is  plausible  that  environmental  effects  decay 
with  age  and  since  we  have  only  two  observations  on  a  given  individual,  we 
do  not  compute  cumulative  effects. ^ 


Another  message  in  Table  3  is  that  mother's  schooling  dominates 
both  family  income  and  father's  schooling  as  a  statistically  signifi- 
cant determinant  of  favorable  adolescent  health  outcomes.    The  un- 
importance of  family  income  complements  previous  findings  concerning 
the  health  of  children  and  adolescents  by  Edwards  and  Grossman  (1980, 
forthcoming) .    A  similar  comment  applies  to  the  magnitudes  of  the 
schooling  coefficients.    Given  that  most  child  and  adolescent  care  is 
provided  by  the  mother,  the  finding  that  the  effect  of  mother's 
schooling  exceeds  that  of  father's  schooling  is  evidence  in  favor  of 
the  importance  of  nurture  as  opposed  to  nature  in  health  outcomes. 
To  be  sure,  the  schooling  differentials  must  be  interpreted  with 
caution  because  the  difference  between  schooling  coefficients  in  a 
given  health  equation  never  is  statistically  significant.    In  part 
this  is  due  to  the  high  correlation  between  mother's  schooling  and 
father's  schooling  (r  »  .62).    Despite  this  high  correlation,  83  per- 
cent of  the  cross-sectional  mother's  schooling  coefficients  are  sta- 
tistically significant,  and  SO  percent  of  the  dynamic  coefficients  are 
significant.    The  corresponding  figures  for  father's  schooling  are  29 
percent  and  0  percent.    This  is  suggestive  of  a  larger  impact  of 
mother's  schooling  on  health  outcomes  vis-a-vis  father's  schooling. 

In  the  cognitive  development  equations,  family  income  and  father's 
schooling  are  as  important  as,  if  not  more  important  than,  mother's 
schooling.    He  speculate  that  this  difference  between  the  role  of  family 
background  in  cognitive  development  and  its  role  in  health  may  arise 
because  adolescent  cognitive  development  is  produced  primarily  in  the 
market  (in  school),  while  adolescent  health  is  produced  primarily  in 
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the  home.    Thus  in  the  cognitive  development  equation*,  the  variables  that 
reflect  command  over  goods  and  services — family  income  and  father's 
schooling,  a  positive  correlate  of  permanent  income — are  significant  pre- 
dictors.22    On  the  other  hand,  in  the  health  equations,  nonmarket  pro- 
ductivity, measured  by  mother's  schooling,  dominates  command  over  goods 
and  services  as  a  significant  predictor. 

In  part  A  of  this  section,  we  reported  that  feedbacks  from  cogni- 
tive development  to  health  is  much  more  important  than  feedback  from 
health  to  cognitive  development.    Therefore,  cognitive  development  is 
one  mechanism  via  which  family  background  can  influence  adolescent 
health.    To  gauge  the  importance  of  this  mechanism,  we  have  estimated 
the  effects  of  family  background  on  the  six  adolescent  health  measures 
from  multiple  regressions  that  include  all  lagged  health  variables  but 
exclude  WISCl  and  WRATl.    These  estimates  are  presented  in  Table  4. 
Clearly,  the  coefficients  in  Table  4  are  larger  in  absolute  value  than 
the  corresponding  dynamic  coefficients  in  Table  3.    Moreover,  the  co- 
efficient of  mother's  schooling  in  the  obesity  equation,  although 
numerically  the  same  as  in  Table  3,  becomes  significant  at  the  5  per- 
cent level;  so  that  four  of  the  six  mother's  schooling  effects  are  sig- 
nificant.   The  identification  of  a  plausible  mechanism  via  which  family 
background  in  general  and  mother's  schooling  in  particular  influence 
adolescent  health  has  increased  our  confidence  that  the  impact  of  school- 
ing represents  a  behavioral  effect  as  opposed  to  a  genetic  effect  or  a 
statistical  artifact. 

To  summarize,  the  results  in  Tables  3  and  4  support  the  contention 
that  "nurture"  matters.    The  short-run  effects  of  mother's  schooling  on 
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TABLE  4 


Coefficients  of  Parents'  Schooling  and  Family  Income 
in  Health  Regressions 


Independent 
Variable 


Dependent 
Variable 


MEDUCAT 


FE DUCAT 


FINC 


APERI2 


-.032 
(-3.15) 


-.014 
(-1.64) 


-.002 
(-0.30) 


ABN2 


-.0001 
(-0.00) 


-.005 
(-1.23) 


.005 
(1.62) 


HDBP2 


-.004 
(-1.24) 


.002 
(0.76) 


-.001 
(-0.64) 


PFGHEALTH2 


-.013 
(-2.36) 


-.009 
(-1.94) 


-.002 
(-0.73) 


0BESE2 


-.005 
(-1.69) 


.001 
(0.28) 


.0002 
(0.10) 


SCHABS2 


-.008 
(-2.72) 


.003 
(1.14) 


-.001 
(-0.75) 


at-ratios  are  in  parentheses.    The  critical  t-ratios  at 
the  5  percent  level  of  significance  are  1.64  for  a  one-tailed 
test  and  1.96  for  a  two-tailed  test.    The  equation  contains 
all  family  and  youth  characteristic  variables  and  all  lagged 
health  variables  but  excludes  WISCl  and  WRATl. 


obesity,  oral  health,  school  absence  due  to  illness,  and  parental  evalu- 
ation of  health  are  significant;  and  the  long-run  effects  of  mother's 
schooling  on  these  health  indicators  and  others  are  probably  mors  dra- 
matic. 

One  other  finding  from  the  empirical  analysis  is  worth  mentioning. 
The  dynamic  regression  coefficients  of  birth  weight,  mother's  age  at 
the  birth  of  the  youth,  and  parental  assessment  of  the  youth's  health 
in  the  first  year  of  his  life  are  almost  never  statistically  signifi- 
cant (see  Tables  A-l  through  A-8) .    These  variables  are  proxy  measures 
of  genetic  endowment.    Therefore,  these  results  support  the  constraint 
in  our  model  that  adolescent  health  and  cognitive  development  should  not 
depend  on  genetic  endowment  with  childhood  health  and  cognitive  develop- 
ment held  constant. 

IV.     Summary  and  Implications 
The  purposes  of  this  study  have  been  to  determine  the  directions 
of  causality  associated  with  the  relationship  between  the  health  and 
cognitive  development  of  adolescents  and  to  examine  the  extent  to  which 
the  effects  of  family  background  on  health  and  cognitive  development 
are  due  to  nurture  as  opposed  to  nature.    The  study  contains  two  basic 
findings.    First,  there  is  feedback  from  health  to  cognitive  development 
and  from  cognitive  development  to  health,  but  the  latter  of  these  re- 
lationships is  stronger.    Second,  dynamic  family  background  effects  are 
smaller  than  their  cross-sectional  counterparts,  but  a  number  of  the 
estimated  effects  are  statistically  significant. 

The  first  finding  calls  attention  to  the  existence  of  a  continuing 
interaction  between  health  and  cognitive  development  over  the  life  cycle. 


In  addition,  it  can  be  viewed  as  the  early  forerunner  of  the  positive  im- 
pact of  schooling  on  the  health  of  adults.    The  second  finding  suggest* 
that  nurture  "natters"  in  cognitive  development  and  health  outcomes. 
In  particular,  mother's  schooling  is  singled  out  as  the  crucial  component 
of  the  home  environment  in  adolescent  health  outcomes.    This  is  an  espe- 
cially strong  result  because  in  the  words  of  Keniston  and  the  Carnegie 
Council  on  Children:     "Doctors  do  not  provide  the  bulk  of  health  care 
for  children;  families  do  (1977,  p.  179)."    Since  the  mother  spends  more 
time  in  household  production  than  the  father,  her  characteristics  should 
be  the  dominant  factor  in  outcomes  that  are  determined  to  a  large  extent 
in  the  home.    The  importance  of  mother's  schooling  in  obesity  and  oral 
health  is  notable  because  these  are  outcomes  that  are  neither  irrevers- 
ible or  self-limiting.     Instead,  they  can  be  modified  by  inputs  of  dental 
care,  medical  care,  proper  diet,  and  parents'  time. 

The  two  findings  interact  with  each  other.    Cognitive  development 
in  childhood  has  a  positive  effect  on  health  in  adolescence,  and  cogni- 
tive development  in  childhood  is  positively  related  to  mother's  school- 
ing.   Both  findings  imply  that  the  health  of  adults  is  heavily  dependent 
upon  their  home  environment  as  youths.    They  also  imply  that  public 
policies  aimed  at  children's  and  adolescent's  health  must  try  to  offset 
the  problems  encountered  by  offspring  of  mothers  with  low  levels  of 
schooling.     In  particular,  they  should  try  to  improve  the  skills  of  un- 
educated mothers  in  their  capacity  as  the  main  provider  of  health  care 
for  their  offspring. 


TABLE  A-l 


Ordinary  Least  Squares  Regression  of  W1SC2* 


T  n  H#  n  <»n  Hp n  T 
Vjiri  Jib  1ft 

r\  C  /Ly  L  C  3  3  A.  w  *  * 

Coefficient 

t-ratio 

Independent 
Variable 

Regression 

Coefficient 

t-ratio 

FEDUCAT 

.207 

2.24 

FIRST 

.960 

1.77 

MEDUCAT 

.146 

1.32 

TWIN 

-2.177 

-1.58 

FINC 

.135 

2.27 

FLANG 

.643 

0.85 

LESS20 

.138 

0.97 

MALE 

2.674 

5.95 

MWORKPT 

.965 

1.53 

AGE 

MWORKFT 

-.390 

-0.61 

INTERVAL 

-.004 

-0.09 

NEAST 

4.503 

6.44 

WISC1 

.603 

27.  35 

MWEST 

2.297 

3.64 

WRAT1 

.231 

9.47 

SOUTH 

1.189 

1.60 

APERI1 

-.164 

-0.54 

URB1 

-1.428 

-2.09 

HDBP1 

•     ir\  e. 

-1. 791 

-1.  82 

URB2 

-.488 

-0.65 

PFGHEALTH1 

.388 

0.84 

URB3 

-.729 

-1.15 

0BESE1 

.946 

1.33 

NURB 

-.182 

-0.25 

SCHABS1 

-.650 

-0.53 

LIGHTA 

4.636 

1.78 

SCHABSUK1 

.959 

1.10 

LIGHTB 

.291 

0.27 

ABN1 

-1.619 

-2.15 

BWUK 

.235 

0.34 

FYPH 

-1.597 

-1.81 

CONSTANT 

8.810 

BFED 

1.174 

2.36 

LMAG 

.830 

0.83 

Adj.  R2 

.658 

HMAG 

.055 

0.08 

NOFATH 

1.908 

1.81 

Fb 

79.74 

aThe  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for  a 
one-tailed  test  and  1.96  for  a  two-tailed  test. 


Statistically  siRnificant  at  the  1  percent  level  of  significance. 


TABLE  A- 2 

Ordinary  Least  Squares  Regression  of  WRAT2* 


Independent  Regression 
Variable         Coefficient  t-ratio 


FE  DUCAT 

.136 

1.65 

MEDUCAT 

.177 

1.79 

FINC 

.103 

1.94 

LESS20 

.067 

0.53 

MWORJCPT 

.794 

1.42 

MWORKFT 

.142 

0.25 

NEAST 

4.089 

6.57 

WEST 

2.404 

4.29 

SOUTH 

1.526 

2.30 

URB1 

-.874 

-1.44 

URB2 

.295 

0.44 

URB3 

1.799 

3.19 

NURB 

-.028 

-0.04 

LIGHTA 

1.560 

0.67 

LIGHTB 

.408 

0.43 

BWUK 

-.829 

-1.37 

FYPH 

-.684 

-0.87 

BFED 

1.081 

2.45 

LMAG 

.032 

0.03 

HMAG 

1.334 

2.16 

NOFATH 

-.355 

-0.38 

Independent  Regression 

Variable         Coefficient  t-ratio 


FIRST 

.125 

0.26 

TWIN 

-.950 

-0.77 

FLANG 

.285 

0.42 

MALE 

-.739 

-1.85 

AGE 

INTERVAL 

-.058 

-1.66 

WISC1 

.192 

9.79 

WRAT1 

.728 

33.52 

APERI1 

-.073 

-0.27 

HDBP1 

-.740 

-0.85 

PFGHEALTH1 

-.341 

-0.82 

0BESE1 

.421 

0.66 

SCHABS1 

-.699 

-0.64 

SCHABSUK1 

.265 

0.34 

ABN1 

-.204 

-0.30 

CONSTANT 

4.336 

Adi.  R 

.712 

Fb 

101.983 

^he  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for 
a  one-tailed  test  and  1.96  for  a  two-tailed  test. 

^Statistically  significant  at  the  1  percent  level  of  significance. 


TABLE  A- 3 


Ordinary  Least  Squares  Regression  of  APERI2 


Independent 

Regression 

Independent 

Regression 

Variable 

Coefficient 

t-ratio 

Variable 

Coefficient 

t-ratio 

FEDUCAT 

-.006 

-0.75 

FIRST 

.042 

0.83 

MEDUCAT 

-.023 

-2.25 

TWIN 

.176 

1.39 

FINC 

.0001 

0.00 

FLANG 

-.047 

-0.67 

LESS20 

.023 

1.77 

MALE 

MWORKPT 

.001 

0.00 

AGE 

— 

— 

MWORKFT 

-.004 

-0.07 

INTERVAL 

-.026 

-7.03 

NEAST 

-.194 

-3.02 

WISC1 

-.004 

-2.25 

MWEST 

-.162 

-2.79 

WRAT1 

-.005 

-2.35 

SOUTH 

.012 

0.17 

APERI1 

.340 

12.16 

URB1 

.117 

1.86 

HDBP1 

-.195 

-2.15 

URB2 

.001 

0.00 

PFGHEALTH1 

.039 

0.90 

URB3 

-.023 

-0.40 

0BESE1 

.114 

1.73 

NURB 

.055 

0.84 

SCHABS1 

.146 

1.28 

LIGHTA 

-.371 

-1.55 

SCHABSUK1 

.016 

0.19 

LIGHTB 

-.078 

-0.80 

ABN1 

-.005 

-0.07 

BWUK 

.035 

0.56 

FYPH 

.067 

0.82 

CONSTANT 

2.268 

BFED 

-.072 

-1.57 

LMAG 

-.008 

-0.09 

Adj.  R2 

.165 

HMAG 

-.017 

-0.26 

NOFATH 

.106 

1.39 

Fb 

9.34 

m 

The  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for 
a  one-tailed  test  and  1.96  for  a  two-tailed  test. 

b 

Statistically  significant  at  the  1  percent  level  of  significance. 


TABLE  A-4 

Ordinary  Least  Squares  Regression  of  ABN2* 


Independent 

R.#  f> t  o  1  nn 

•  *C  ^LC391Uil 

maepenaent 

Regression 

Variable 

vuc  ill.  cicn  L 

I    ifll  X  O 

varlab  le 

Coefficient 

t-ratic 

FEDUCAT 

-.003 

-0.65 

FIRST 

-.013 

-0,53 

MEDUCAT 

.003 

0.51 

TWIN 

-.069 

-1.08 

FINC 

.005 

1.83 

FLANG 

-.029 

-0.82 

LESS20 

-.010 

-1.48 

MALE 

.006 

0.27 

MWORKPT 

-.003 

-0.12 

AGE 

.015 

1.44 

MWORKFT 

.012 

0.40 

INTERVAL 

-.003 

-1.40 

NEAST 

-.057 

-1.75 

WISC1 

-.001 

-0.98 

WEST 

.014 

0.47 

WRAT1 

-.002 

-2.00 

SOUTH 

.096 

2.77 

APERI1 

.020 

1.41 

URB1 

.077 

2.42 

HDBP1 

.042 

0.91 

URB2 

-.058 

-1.65 

PFGHEALTH1 

.001 

0.03 

URB3 

.052 

1.77 

0BESE1 

.049 

1.47 

NURB 

.006 

0.17 

SCHABS1 

.064 

1.11 

LIGHTA 

-.013 

-0.10 

SCHABSUK1 

.006 

0.15 

LIGHTB 

-.027 

-0.54 

ABN1 

.146 

4.16 

BWUK 

-.012 

-0.38 

FYFH 

.143 

3.45 

CONSTANT 

.430 

ilFED 

.040 

1.74 

LHAG 

-.036 

-0.76 

Ad1.  R2 

.043 

HMAG 

.030 

0.92 

NOFATH 

'  .007 

0.14 

Fb 

2.78 

The  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for 
<-  one-tailed  test  and  1.96  for  a  two-tailed  test. 

Statistically  significant  at  the  1  percent  level  of  significance. 


TABLE  A-5 

Ordinary  Least  Square*  Regression  of  HDBP2 


Independent 
Variable 

Regression 
Coefficient 

■ 

t-ratio 

Independent 
Variable 

Regression 

Coefficient 

t-rstlo 

FEDUCAT 

.003 

1.07 

FIRST 

.013 

0.87 

MEDUCAT 

-.003 

-0.89 

TWIN 

.034 

0.92 

FINC 

-.001 

-0.53 

FLANG 

.035 

1.73 

LESS20 

-.001 

-0.33 

MALE 

- 

- 

MWORKPT 

-.009 

-0.50 

AGE 

- 

- 

MWORKFT 

-.007 

-0.41 

INTERVAL 

-.002 

-1.62 

NEAST 

.014 

0.77 

WISC1 

-.001 

-1.11 

MWEST 

.021 

1.22 

WRAT1 

-.0003 

-0.51 

SOUTH 

.049 

2.43 

APERI1 

-.003 

-0.41 

URB1 

.041 

2.22 

HDBP1 

.169 

6.38 

URB2 

.030 

1.49 

PFGHEALTH1 

-.010 

-0.7f 

URB3 

.032 

1.84 

OBESE1 

.096 

4.97 

NURB 

.011 

0.56 

SCHABS1 

.033 

1.00 

LIGHTA 

.012 

0.17 

SCHABSUK1 

.018 

0.75 

LIGHTB 

-.005 

-0.17 

ABN1 

.030 

1.47 

BWUK 

.026 

1.39 

FYPH 

.0004 

0.00 

CONSTANT 

.168 

BFED 

.003 

0.24 

LMAG 

-.019 

-0.71 

Adj.  R2 

.051 

HMAG 

.015 

0.82 

NOFATH 

.027 

0.96 

Fb 

3.28 

The  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for 
a  one-tailed  test  and  1.96  for  a  two-tailed  test. 


Statistically  significant  at  the  1  percent  level  of  significance. 


TABLE  A-6 

Ordinary  Least  Squares  Regression  of  PFGHEALTH2* 


Independent 
Variable 

Regression 
Coefficient 

Independent 
t-ratio  Variable 

Regression 

Coefficient 

t-ratio 

FEDUCAT 

-.006 

-1.23 

FIRST 

.OOB 

0.29 

MEDUCAT 

-.009 

-1.69 

TWIN 

- .  14U 

-2.02 

FINC 

-.001 

-0.47 

FLANG 

-.U2y 

-0.  77 

LESS20 

.009 

1.20 

MALE 

—  .002 

-0.10 

MWORKPT 

.031 

0.97 

AGE 

.010 

0.92 

MWORKFT 

-.015 

-0.48 

INTERVAL 

ACM 

.001 

0.31 

NEAST 

_  09 a 

-0.69 

WISC1 

-.001 

-0.92 

MWEST 

-.046 

-1.44 

WRAT1 

n  a  *i 

-.003 

-2.  76 

SOUTH 

-0.66 

APERI1 

.019 

1.22 

URB1 

.022 

0.65 

HDBP1 

a/  1 

.043 

0.86 

URB2 

0.19 

PFGHEALTH1 

.243 

10.43 

URB3 

.039 

1.23 

0BESE1 

.019 

0.52 

NURB 

.048 

1  34 

not 

.070 

1.54 

L1GHTA 

-.239 

-1.82 

SCHABSUKl 

-.052 

-1.20 

LIGHTB 

.103 

1.91 

ABN1 

.139 

0.37 

BWUK 

-.015 

-0.45 

FYPH 

.153 

3.45 

CONSTANT 

.639 

BFED 

-.020 

-0.81 

LMAG 

.047 

0.94 

Adj.  R2 

.147 

HMAG 

-.002 

-0.04 

NOFATH 

.062 

1.16 

Fb 

7.86 

aThe  critical  t-ratios  at 
a  one-ts.lii  test  and  1.96  for 

the  5 
a  tvo- 

oercent  level  of 
tailed  test. 

significance  are 

1.64  for 

Statistically  significant  at  the  1  percent  level  of  significance. 


TABLE  A- 7 

Ordinary  Least  Squares  Regression  of  0BESE2* 


Independent       Regression  Independent  Regression 

Variable        Coefficient       t-ratio         Variable        Coefficient  t-ratio 


FEDUCAT 

.001 

0.53 

MEDUCAT 

-.005 

-1.42 

FINC 

.0004 

0.21 

LESS20 

-.007 

-1.73 

MWORXPT 

.008 

0.45 

MWORKFT 

.027 

1.41 

NEAST 

-.009 

-0.45 

MWEST 

-.011 

-0.59 

SOUTH 

-.012 

-0.56 

URB1 

-.021 

-1.05 

URB2 

-.029 

-1.28 

URB3 

-.011 

-0.61 

NURB 

-.007 

-0.31 

LIGHTA 

-.035 

-0.46 

LIGHTB 

.020 

0.64 

BWUK 

-.005 

-0.26 

FYPH 

.024 

0.91 

BFED 

-.014 

-0.99 

LMAG 

-.016 

-0.53 

HMAG 

.058 

2.81 

NOFATH 

-.022 

-0.70 

FIRST 

-.002 

-0.15 

TWIN 

-.013 

-0.32 

FLANG 

-.001 

-0.06 

MALE 

- 

- 

AGE 

INTERVAL 

-.001 

-1.07 

WIS  CI 

.0001 

0.08 

WRAT1 

-.001 

-1.45 

APERI1 

-.014 

-1.60 

HDBP1 

.013 

0.43 

PFGHEALTH1 

-.016 

-1.15 

0BESE1 

.512 

24.28 

SCHABS1 

.007 

0.18 

SCHABSUK1 

-.034 

-1.34 

ABN1 

-.020 

-0.91 

CONSTANT 

.284 

Adj.  R2 

.314 

F» 

20.30 

aThe  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for 
a  one-tailed  test  and  1.96  for  a  two-tailed  test. 


Statistically  significant  at  the  1  oercent  level  of  significance. 


TABLE  A- 8 

Ordinary  Least  Squares  Regressions  of  SCHABS2 


Independent 
Variable 

Regression 
Coefficient 

t-ratio 

Independent 
Variable 

Regression 
Coefficient 

t-ratio 

FEDUCAT 

.004 

1.  35 

FIRST 

-.005 

-0.32 

MEDUCAT 

-.008 

-2. 46 

TWIN 

-.017 

ft    /  / 

-0.44 

FINC 

-.001 

-0.66 

FLANG 

-.004 

-0.20 

LESS  20 

-.005 

-1. 14 

MALE 

-  .019 

-1.52 

MWCRKPT 

-.014 

ft  *jft 

-0.  79 

a  or 

AGE 

.017 

2.69 

MWORKFT 

.008 

0.43 

INTERVAL 

.001 

0.  76 

NEAST 

-.005 

ft    i  f 

-0.  26 

WISC1 

AAA  ^ 

.0002 

ft     *i  / 

0.  34 

MWEST 

-.010 

-0. 56 

WRAT1 

-.001 

-1. 78 

SOUTH 

.004 

0.20 

APERI1 

.004 

ft     #  ft 

0.49 

URB1 

-.009 

-0.47 

HDBP1 

.009 

0. 34 

URB2 

-.020 

ft     n  c 

-0.96 

PFGHEALTH1 

.045 

3.45 

URB3 

-.001 

-0.06 

0BESE1 

ft  o  a 

.020 

1.03 

NURB 

-.057 

-2.87 

SCHABS1 

.159 

4.60 

LIGHTA 

-.078 

i  no 
—  1 . 

C        ABC  TTf  1 

olrlADb  UK  1 

—  .U13 

— u . 

LIGHTS 

-.005 

-0.17 

ABNl 

.011 

0.49 

BWUK 

-.015 

-0.77 

FYPH 

.018 

0.73 

CONSTANT 

.045 

BFED 

-.013 

-0.91 

LMAG 

-.038 

-1.34 

Adl.  R2 

.043 

HMAG 

-.026 

-1.31 

NOFATH 

.024 

0.81 

Fb 

2.63 

aThe  critical  t-ratios  at  the  5  percent  level  of  significance  are  1.64  for 
a  one-tailed  test  and  1.96  for  a  two-tailed  test. 


Statistically  significant  at  the  1  percent  level  of  significance. 


FOOTNOTES 

*For  a  partial  survey  of  this  literature,  see  Grossman  (1975)  and 
Edwards  and  Grossnan  (1979) . 

^In  Chapter  4,  Edwards  and  Grossman  provide  evidence  that  points 
to  the  importance  of  nurture,  but  they  do  not  employ  the  longitudinal 
framework  and  panel  data  that  are  used  in  this  study. 

3For  recent  studies  of  cognitive  development  in  a  longitudinal 
framework,  see  for  example,  Hanushek  (1971),  Haynard  (1977),  Ritzen 
and  Winkler  (1977),  Sumers  and  Wolfe  (1977),  and  Wolfe  (in  progress). 
None  of  these  studies  deals  with  the  issue  of  two-way  causality  be- 
tween cognitive  development  and  health. 

4See  Griliches  (1974). 

5See,  for  example,  the  study  of  brothers  by  Chamberlain  and 
Griliches  (1974). 


See,  for  example,  the  study  of  earning  mobility  by  Lillard  and 

Willis  (1978)  and  the  study  of  employment  patterns  by  Heckman  (1978) . 

7The  consistency  of  both  the  random  and  fixed  effects  models  has 
been  shown  by  Amemiya  (1969)  and  Maddala  (1971) .    Amemiya  goes  on  to 
prove  consistency  of  the  maximum  likelihood  estimator.     In  most  cases, 
consistency  required  T*"«  where  T  is  the  number  of  observations  per 
individual. 

8 Amemiya  (1969)  shows  that  consistency  of  this  GLS/random  effects 
procedure  is  maintained  when       is  chosen  arbitrarily  for  use  in  I,  as 
long  as  it  is  chosen  to  be  positive.    Again,  we  require  T      -.  The 
difficulty  is  that  for  finite  T,  the  biases  in  the  random  effects  esti- 
mates may  still  be  large. 

9Cycles  II  and  III  are  described  in  detail  in  NCHS  (1967a)  and  (1969) , 
respectively.    For  the  information  of  the  reader,  Cycle  I  of  the  HES  is  a 
sample  of  adults  ages  18  to  79  in  the  period  1960-62. 

10WISC  and  WRAT  scores  sometimes  are  adjusted  for  sex  as  well  as  for 
age,  but  the  variables  that  we  use  are  not  sex-adjusted. 

nThe  measures  of  high  blood  pressure  in  Cycle  III  have  been  criti- 
cized because  their  average  values  are  higher  than  in  comparable  samples 
of  adolescents  (NCHS  1977).    There  is  no  reason  to  believe,  however,  that 
the  errors  of  measurement  are  correlated  with  the  independent  variables 
in  our  regression  equations.    Moreover,  as  we  report  in  Section  III  there 
is  a  strong  relationship  between  high  diastolic  blood  pressure  in 


adolescence  and  childhood.    This  strengthens  our  confidence  in  the  re- 
liability of  the  Cycle  III  measure  at  least  for  the  members  of  the 
longitudinal  panel. 

12ln  ChaDter  4,  Edwards  and  Grossman  exclude  some  measures  in  their 
study  of  adolescent  health  that  we  include  here.    This  is  because  they 
examine  adolescent  health  in  a  cross-sectional  context,  focus  on  the 
effects  of  preventive  medical  care,  and  do  not  consider  the  relationship 
between  health  and  cognitive  development. 

13Since  birth  certificates  are  missing  for  14  percent  of  the  sample 
and  since  birth  weight  (LIGHTA,  LIGHTB)  is  the  only  variable  taxen  from 
the  birth  certificate,  we  do  not  delete  these  observations.  Instead, 
we  include  a  dummy  variable  that  identifies  youths  with  missing  birth 
certificates  (BWUK)  in  the  regression. 

*4The  periodontal  index  and  the  two  cognitive  development  measures 
are  continuous  variables.    In  these  cases  we  have  experimented  with  the 
raw  score  as  the  dependent  variable  in  a  multiple  regression  that  in- 
cludes age  in  Cycle  II,  the  square  of  age,  the  time  interval  between  the 
Cycle  II  and  III  examinations,  the  square  of  the  interval,  the  product 
of  age  and  the  interval,  and  a  dummy  variable  for  male  adolescents  in  the 
set  of  independent  variables.    The  results  obtained  (not  shown)  with 
respect  to  family  background,  lagged  health,  and  lagged  cognitive  de- 
velopment effects  are  similar  to  those  reported  in  Section  III. 

^Statements  concerning  statistical  significance  in  the  text  are 
based  on  one-tailed  tests  except  when  the  direction  of  the  effect  is 


unclear  on  a  priori  grounds  or  when  the  estimated  effect  has  the  "wrong 
sign."    In  the  latter  cases  two-tailed  tests  are  used. 

l6If  the  dynamic  processes  that  we  study  have  the  same  structures 
over  time  and  if  cross-lagged  effects  are  ignored,  they  all  have  stable 

long-run  solutions.    To  be  specific,  let 

h(t)  -  ah(t-l)  +  be  , 

where  h(t)  is  health  at  age  t,  h(t-l)  is  health  at  age  t-1,  and  e  is  the 
home  environment.  The  long-run  solution,  obtained  by  setting  h(t)  equal 
to  h(t-l) ,  is 


h(t)  -  (£)  e 


This  is  a  stable  solution  provided  a  is  positive  and  smaller  than  one. 
17The  F  statistic  is  .36. 

18The  null  hypothesis  that  no  member  of  the  set  of  cognitive  develop- 
ment variables  has  a  nonzero  effect  on  HDBP2  is  accepted  at  the  5  percent 
level  (F  «  1.54). 

19For  a  partial  survey  of  the  literature  on  determinants  of  schooling, 
see  Grossman  (1975). 

20The  causal  effect  of  high  blood  pressure  in  childhood  on  better  oral 
health  in  adolescence  may  also  be  behavioral.    Children  with  high  blood 
pressure  or  their  parents  may  have  been  warned  by  the  examining  Cycle  II 


physicians  to  modify  their  diets  which  resulted  in  better  oral  health  im 
adolescence. 

21if  a(t)  -  a  and  b(t)  -  b  for  all  %,  and  if  t  approaches  infinity, 
then  the  cumulative  effect  is  simply  b/(l-aj.    Note  that  equation  (10) 
is  the  solved  reduced  form  of  our  model.    It  embodies  the  constraint 
that,  with  h(t-l)  held  constant,  9  or  h(t-2)  has  no  inpact  on  h(t). 
Therefore,  equation  (10)  differs  from  the  estimated  reduced  form — the 
ordinary  least  squares  regression  of  h(t)  an  g  and  e — because  the  latter 
does  not  take  account  of  this  constraint. 

^Although  primary  and  secondary  education  is  financed  publicly  to 
a  large  extent,  it  is  well  known  that  more  school  resources  are  allo- 
cated to  children  and  adolescents  from  high-income  families. 
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Chapter  6 

THE  CHOICE  OF  DIET  FOR  YOUNG  CHILDREN  AND 
ITS  RELATION  TO  CHILDREN'S  GROWTH 


Z.  Introduction 

The  purpose  of  this  study  is  to  present  empirical  results  from  an 
ongoinq  analysis  of  the  household's  choice  of  diet  for  its  young  chil- 
dren (0-36  months)  and  its  relation  to  the  children's  growth.    Our  par- 
ticular interest  in  this  research  is  the  extent  to  which  family  income 
and  education  of  the  mother  are  obstacles  to  the  provision  of  adequate 
diets  for  children  in  poor  American  families.    The  hypothesis  that  these 
obstacles  are  substantial  underlies  many  government  nutrition  and  income 
support  programs.* 

We  have  argued  elsewhere  that  the  utility  of  parents  is  a  positive 
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function  of  their  young  children's  growth  and  that,  subject  to  qenetic, 
physiological,  and  wealth  constraints,  parents  influence  the  growth  of 
their  children  by  their  choice  of  diet  for  the  children  and  by  their  in- 
vestment in  their  children's  health.3  From  this  conceptual  framework  we 
have  derived  the  following  econometric  model  of  children's  diet,  health, 
and  growth  which  is  consistent  with  available  cross-section  data. 

G  -  G(D,  H,  t,  z,  BW)  (1) 
D  -  D(G,  E)  (2) 
H  -  H(D,  BW,  E)  (3) 

where  G,  D,  and  H  are  endogenous  and  represent  levels  of  childrens  growth 
(G) ,  nutrient  intakes  (D) ,  and  health  (H) .    Equation  (1)  is  basically  a 


nutrient  intake  equations  ere  family  inaome ,  family  sire,  mother's  edu- 
cation, and  dummy  variables  indicating  whether  the  family  resides  in  an 
urban  area,  whether  the  family  receives  food  stamps,  and  whether  the 
child  is  or  was  breast  fed. 

ZZ.    The  Data 

The  data  source  for  this  study  is  the  Ten  State  Nutrition  Survey, 
1968-70  (TSNS).    In  this  survey,  30,000  families  in  ten  states  were  se- 
lected from  low  income  enumeration  districts.    Demographic  data  where 
obtained  from  24,000  of  the  families  by  interview.    Selected  subgroups 
of  infants  and  young  children,  adolescents,  pregnant  or  lactating  women, 
and  persons  over  60  years  of  age  received  detailed  dietary  and  bio- 
chemical evaluations.    Dietary  intake  data  for  the  previous  24  hours 
were  collected  for  about  1,700  children  less  than  three  years  of  age 
by  interview  of  the  homemaker.    Of  these  children  less  than  1,200  could 
be  matched  with  the  characteristics  of  their  family  in  the  editing  of 
the  data.    This  sample  was  reduced  to  a  working  sample  of  roughly  500 
children  by  deleting  all  observations  (children)  with  missing  data  for 
those  variables  specified  in  our  model  and  by  deleting  all  children 
whose  parents  reported  their  age  to  be  12,  24,  or  36  months.  This 
latter  procedure  was  undertaken  because  of  the  disproportionate  number 
of  responses  in  these  age  categories,  many  of  which  seemed  random  in 
nature.    Those  observations  deleted  from  the  sample  by  this  procedure 
or  because  of  missing  data  do  not  differ  significantly  from  the  in- 
cluded observations.5 


technical  relationship,  describing  how  children's  growth  responds  to 
diet  and  health  levels,  given  age  (t) ,  birth  weight  (bw)  ,  and  parental 
and  genetic  characteristics  (Z) .    Equations  (2)  and  (3)  are  primarily 
behavioral  relationships,  explaining  the  choice  of  diet  in  the  house- 
hold for  the  children,  given  socioeconomic  constraints  (E)  ,  and  the 
subsequent  influence  of  diet  on  health  levels.    The  rationale  for  in- 
cluding G  in  the  nutrient  intake  equation  is  that  larger  children  de- 
mand more  nutrients.    BW  is  in  the  health  equation  to  represent  the 
initial  stock  of  health. 

At  the  empirical  level  we  have  estimated  several  variations  of 
this  model  of  children's  diet,  health,  and  growth.    The  model  most 
consistent  with  the  conceptual  framework  consisted  of  seven  equations 
with  seven  endogenous  variables.    The  endogenous  variables  were  two 
measures  of  children's  intakes — daily  calorie  and  daily  protein  con- 
sumption; three  measures  of  children's  growth--height,  weight,  and 
head  circumference;  and  two  measures  of  children's  health— the  lifetime 
number  of  cases  of  pneumonia  and  the  number  of  cases  of  diarrhea  in  the 
six  months  prior  to  the  clinical  interview.    The  health  variables,  how- 
ever, did  not  approach  statistical  significance  in  the  growth  equations, 

apparently  because  they  had  minor  or  very  short-term  effects  on  chil- 
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dren's  growth  that  were  rapidly  overcome.      In  the  presentation  of  the 
empirical  results,  therefore,  we  emphasize  a  model  of  children's  diet 
and  growth  that  has  excluded  the  health  variables  and  health  equations. 
In  this  model  the  exogenous  variables  in  the  growth  equations  are  mea- 
sures of  genetic  and  parental  traits;  namely  children's  acre  ,  sex, 
birth  weight,  race  and  mother's  height.    Exogenous  variables  in  the 


TABLE  1 
Sirmary  Statistics 


Variable 

\ 

Mean 

«*»  »* 

C4-  *r*A  m  -rA 

Deviation 

Daily  calorics 

1,310 

Daily  protein  (grars) 

C  C  A 

55.  34 

29.  80 

weight  (Xg) 

10.  55 

2.91 

beignt  icxaj 

78.  26 

10.  51 

Head  ci r deference  (rai) 

4 60. 95 

32 .  36 

Faaily  incone 

5,353 

3 ,  288 

..oUier  i  education 

10.  68 

2.75 

Family  size 

5.47 

2.23 

«ace  dumy  (black  •  1) 

.27 

.44 

Food  staro  dir-jny  (recipient  -  1) 

.10 

.30 

Mother's  height  (ca) 

160.41 

6.59 

Birth  weight  (oz) 

115.55 

20.77 

Age 

17.80 

9.92 

Breast  fed  durj^y 

[child  was   (is)  breast  fed  -  1) 

.25 

.43 

Sex  diriny   (r.ale  ■  1) 

.51 

.50 

Urban  du=iy  (urban  location  ■  1) 

.74 

.44 

Nona  height* 

.98 

.002 

Nona  weight* 

1.00 

.007 

Nona  head* 

.99 

.002 

See  note  7  for  definitions  of  these  variables. 


Descriptive  statistics  for  those  variables  included  in  the  aodel  of 
children's  diet  and  growth  are  presented  in  Table  1.    Of  inmediate  note 
are  the  aean  values  of  the  dietary  intake  and  growth  variables.  Chil- 
dren in  this  predominantly  low  income  sample  had  mean  calorie  Intakes  of 
1,310  and  mean  protein  intakes  of  55  grams.    The  calorie  figure  is  about 
equal  to  the  recommended  dietary  allowance  (RDA)  for  children  of  age  18 
months,  the  average  age  in  our  sample.    The  protein  intake  figure  is 
more  than  twice  the  RDA  for  children  of  18  months.    This  pattern  of 
average  calorie  and  protein  consumption  in  excess  of  RDA'  remains 
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whether  the  TSNS  data  is  stratified  by  age,  income,  or  ethnic  group. 
It  is  also  true  that  the  average  of  the  ratios  of  height,  weight  and 
head  growth  to  the  relevant  national  norms  (age  and  sex  specific)  aver- 
age near  unity  in  each  case.7    The  ratios  of  height  and  head  growth  to 
national  norms  are  particularly  noteworthy  statistics.    If  we  assume  that 
in  the  U.S.  diets  and  health  levels  on  average  are  sufficient  to  insure 
that  height  and  head  growth  of  children  reach  the  limits  of  their  physi- 
ological potential,  then  the  means  of  unity  in  the  TSNS  sample  for  the 
height  and  head  growth  norms  imply  that  these  children  are  also  near 
their  physiological  potential. 

The  finding  of  adequate  or  better  than  adequate  protein  and  calo- 
rie intakes  among  a  low  income  sample  of  the  U.S.  population  is  not  an 
isolated  one.    The  pre-supplement  protein  and  calorie  intakes  for  chil- 
dren 12  to  23  months  in  the  sample  drawn  to  evaluate  the  Special  Supple- 
mental Food  Proaram  for  Women,  Infants  and  Children  (WIC)  were  52.9 
grams  and  1,290  calories  respectively,  or  nearly  identical  to  the  fig- 
ures of  TSNS  sample  (Edozien,  et.  al.  1976).    Average  1973  after-tax 


household  income  was  $3,800  for  all  households  participating  in  the  KIC 

evaluations  (41,330  infants  and  children  were  in  the  sample). 

Further  information  on  the  nutritional  status  of  poor  American 

children  can  be  obtained  by  examining  the  diets  of  children  light  for 

their  aqe  and  sex  in  low  income  households.    In  our  TSNS  working  sample 

the  calorie  and  protein  intakes  of  children  below  the  10th  percentile 

in  weight  for  their  age  and  sex  were  1,297  and  54.4  grams,  or  roughly 

equal  to  the  full  working  sample  mean  and  indicative  of  adequate  or 

a 

more  than  adequate  intakes.      Unless  present  and  past  nutrient  intakes 
are  not  correlated,  these  numbers  imoly  that  influences  other  than  diet 
mav  be  responsible  for  producinq  the  condition  usually  associated  with 
under-nutrition.    The  consideration  of  the  structural  equation  estimates 
in  the  next  section  will  enable  us  to  come  to  firmer  conclusions  about 
the  role  of  socioeconomic  variables  in  the  choice  of  diet  by  parents  for 
their  children  and  about  the  subsequent  effect  of  nutrient  intakes  on 
children's  qrowth. 

III.    Structural  Equation  Estimates 
A.    Protein  and  Calorie  Intakes 

The  second  state  estimates  of  the  protein  and  calorie  equations 
are  presented  in  Table  2. 9  The  results  are  similar  for  both  nutrients. 
Simply  stated,  they  indicate  that  children  in  these  low  income  families 
get  the  amount  of  calories  and  protein  that  they  "ask  for."  The  child's 
demand  for  nutrients  (represented  by  weight  of  the  child)  is  a  very  im- 
portant determinant  of  intakes.10  Both  family  income  and  mother's  edu- 
cation  are  insignificant  determinants  of  nutrient  intakes.  These 
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TABLE  2 

Structural  Equation  Estimates  for  Protein  and 
Calories,  Two-Stage  Least  Squares 


Independent  Variables 


Dependent  m  Fa.rdly         Mother's  Pardly 

Variables  Veight  Incone         Education  Sire 


Calories  112.3  -.008  -4.11  -30.1 

(10.1)  (-.8)  •  (-.4)  (-2.3) 


Protein  4.05  -.002  -.14  -1.67 

(7.5)  (-.4)  (-.3)  (-2.7) 


indicates  predicted  value, 
t  statistics  in  parentheses. 
N  -  463. 


results  and  the  summary  statistics  showing  that  the  children  in  our  sam- 
ple have  normal  rates  of  growth  and  development  and  on  average  have  diets 
adeouate  in  calories  and  proteins  imply  that  low  income  households  in 
the  United  States  have  sufficient  income  and  education  to  provide  satis- 
factory levels  of  proteins  and  calories  for  their  children.11 

The  interpretation  of  the  significant  family  size  variable  is  com- 
plex.   The  results  are  not  consistent  with  the  notion  that,  family  income 
constant,  family  size  is  negatively  related  to  nutrient  intakes  of  chil- 
dren due  to  a  per  capita  income  effect.    This  is  because  with  family 
size  constant,  increases  in  family  income  do  not  lead  to  increases  in 
nutrient  intakes.    The  negative  coefficient  on  family  size  could  in- 
dicate that  parents  with  larqer  numbers  of  children  are  inefficient  in 

12 

the  provision  of  nutrients  to  their  children.  In  elasticity  terms, 
the  family  size  effects  are  very  small  for  both  nutrients  (about  -.05 
in  each  case) . 

B.2    Children's  Growth 

The  second  stage  estimates  of  the  children's  growth  equations  are 
presented  in  Table  3.    The  protein  variable  has  been  excluded  from  the 
weight  eouation  because  it  was  statistically  insignificant  if  calories 
was  also  included  as  an  explanatory  variable.    Calories,  however,  ap- 
proached statistical  significance  in  these  equations  even  when  protein 
also  appeared.    The  number  of  calories  then  seems  to  better  explain 
weiqht  growth  than  the  protein  content  of  the  diet.    These  results  do 
not  indicate  that  protein  is  an  unimportant  determinant    of  children's 
weight.    Protein  and  calories  are  highly  colinear  (r  -  .88)  so  a  good 
portion  of  the  protein  influence  is  captured  by  the  calorie  variable. 
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An  argument  with  a  similar  framework  explains  why  protein  appear*  in  the 

height  and  head  growth  equation*  while  calorie*  doe*  not.13 

The  most  striking  difference  between  the  result*  for  height  and 

head  growth  as  conpared  to  weight  growth  is  the  sensitivity  of  these 

variables  to  nutrient  intakes.    The  elasticity  of  weight  with  respect 

to  calories  is  .26  while  the  elasticities  of  height  and  head  circum- 

14 

ference  with  respect  to  protein  are  .02.       Zt  appears  then  that,  in 
contrast  to  weight,  the  height  and  head  growth  of  children,  given 
birth  weight,  proceed  on  a  course  determined  largely  by  age  and  the 
genetic  influence  of  mother's  height.    There  is  little  the  household 
decision  makers  can  do  to  alter  these  paths  if  protein  intakes  are 
restrained  to  that  range  characterizing  the  TSNS  sample.    The  weight 
gain  of  children,  while  also  influenced  by  birth  weight,  age,  and 
mother's  height,  is  much  more  subject  to  intervention  by  homemakers 
via  the  choice  of  diet  than  height  and  head  growth. 

Breast-feeding,  holding  protein  intake  constant,  may  have  a  posi- 
tive but  small  impact  on  head  size.    This  would  be  consistent  with  the 
hypothesis  of  Jelliffe  (1976,  p.  1229),  who  argues  that  breast  feeding 
may  be  preferable  to  bottle  feeding  because  the  high  lactose  and  fatty 
acid  content  of  human  as  opposed  to  cow's  milk,  "seem  biochemically  de- 
signed to  facilitate  the  main  characteristic  of  the  new  born  which  is 
the  rapid  growth  in  size  and  complexity  of  the  brain."15    The  breast 
feeding  dummy  was  insignificant  in  the  height  and  weight  equations. 


IV.    Suirmary  and  Implications 
Tha  empirical  reaulta  have  indicated  that  low  income  familie.  in 
the  United  State,  choose  calorie  and  protein  intake.  f«r  their  children 
that  maximise  their  growth  potential,  at  lea»t  a.  far  as  height  and 
head  sise  are  concerned.    The  low  elasticities  of  these  growth  variables 
with  respect  to  protein  and  a  level  of  protein  consumption  substantially 
in  excess  of  recommended  dietary  allowances  together  imply  that  these 
low  income  parents  have  pushed  the  growth  of  their  children  through 
choice  of  diet  nearly  as  much  as  possible.    We  have  also  found  mother's 
education  and  family  income  to  be  insignificant  determinants  of  protein 
and  calorie  intakes.    Thus,  the  picture  that  has  emerged  is  that  the 
education  and  income  levels  in  low  Income  households  are  generally  suffi- 
cient for  the  provision  of  adequate  intakes  of  protein  and  calories  for 
children  in  the  household.    This  is  not  to  say  that  the  diets  of  young 
children  in  low  income  households  are  generally  sufficient  in  all 
nutrients.    Endozien,  et  al.  (1976)  have  argued,  for  example,  that  there 
are  known  inadeouacies  of  iron,  vitamin  A,  and  vitamic  C  in  low  income 
children  in  the  United  States.    To  the  extent  this  is  the  case,  a 
prudent  public  policy  may  be  to  disseminate  this  information  more  widely. 
For  it  would  aDpear  that  low  income  households  in  the  United  States  pro- 
vide what  they  consider  to  be  adequate  diets  for  their  children.  Protein, 
for  example,  is  widely  accepted  as  an  essential  nutrient  for  the  healthy 
development  of  children.    And  our  results  have  shown  that  low  income 
families  generally  provide  protein,  a  relatively  high  priced  nutrient, 
in  quantities  far  beyond  recommended  levels  and  to  an  extent  where  the 
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marqinal  impact  on  the  growth  of  the  children  is  very  email.    If  family 
incomes  in  low  income  households  are  insufficient  for  the  purchase  of 
what  some  observers  consider  to  be  the  "essentials  of  life,"  other 
essentials  appear  to  be  sacrificed  for  the  growth  and  well  being  of 
the  children. 


\ 


FOOTNOTES 


in  1969,  Charles  Upton  Lowe,  the  director  of  the  national  Inati- 
tuta  of  Child  Health  and  Development,  told  Congreeai    "One  out  of  every 
three  children  under  6  years  of  age  are  living  in  homes  in  which  incomes 
are  insufficient  to  meet  the  costs  of  procuring  many  of  the  essentials 
of  life,  particularly  food"  (Chase,  1977).    For  examples  of  research 
into  the  problem  of  undernutrition  in  American  school  and  pre-school 
children  in  the  U.S.,  see  Christakis  (1968),  Owen  (1969),  Sims  and 
Morris  (1974),  and  Owen  (1974). 

^Children's  qrowth  enters  the  utility  function  in  a  non-linear 
fashion  and  excessive  rates  of  growth  (e.g.  obesity)  can  be  negatively 
related  to  parents  utility. 

^See  Chernichovsky  and  Coate  (1977). 
4 

This  is  not  to  say  that  children's  health  is  not  an  important 
determinant  of  their  growth.    It  is  possible  that  the  two  measures  of 
health  available  to  us  are  not  highly  correlated  with  health  disorders 
that  have  qreater  consequences  for  children's  growth.    Omitting  health 
variables  from  the  qrowth  equations  will  upwardly  bias  estimates  of  the 
imDact  of  diet  on  growth  to  the  extent  that  diet  also  captures  the  ef- 
fects of  health  on  children's  growth. 


^Protein  and  calorie  intakes  were  slightly  less  for  the  deleted 
r  children  and  their  heiqht,  head  and  weight  growth  were  slightly  oreater 

than  the  children  of  the  working  sample  when  compared  to  age  and  sex 
specific  national  norms.    Mother's  education  and  family  income  were 
also  similar  for  the  deleted  observations. 

6Health  Services  and  Mental  Health  Administration,  DHEW  (HSM) 
72-8133  (1972),  pp.  12-13. 

7lf         is  the  average  height  of  children  in  the  U.S.  of  age  i 
and  sex  j  and         is  the  height  of  a  child  in  our  sample  of  age  i  and 
sex  j,  then  the  ratio  of  this  child's  height  to  national  norms  is 
"ij^ij*    Averaoino-  this  ratio  «eross  »H  observations  yields  the 
height  growth  relative  to  national  norms  statistics  discussed  in  the 
text.    The  national  norms  were  obtained  from  National  Center  for  Health 
Statistics  (1976). 

8The  mean  age  of  these  liaht  for  age  children  is  21  months,  so 
the  RDSs  for  this  group  average  slightly  more  than  those  presented  in 
the  text  for  children  of  18  months. 

9 Results  for  the  race,  food  stamp  and  urban  dummy  variables  are 
not  presented.    These  variables  were  statistically  insignificant  in 
the  structural  equations  and  in  the  reduced  forms. 

10By  not  controlling  for  age  in  the  nutrient  intake  equations,  we 
are  Implicitly  assuming  that  the  demand  for  nutrients  does  not  differ 
between  infants  of  the  same    weight,  but  of  different  age.    To  allow 
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for  aqe  ef facta,  age  and  the  aquara  of  aga  vara  entered  into  the  nutri- 
ent intake  equations.    Thaaa  variables  vera  significant  but  reduced  the 
t-value  of  predicted  weioht  to  below  one  in  both  the  protein  and  calorie 
equations.    Because  the  age  variables  were  iaportant  instruments  in 
generating  the  predicted  values  for  weight,  the  age  and  predicted  weight 
variables  are  highly  correlated  and  the  second  stage  estimates  are 
difficult  to  interpret.    One  reason  why  there  may  not  be  independent  age 
effects  is  that  growth  rates  for  children  less  than  36  months  vary  in- 
versely with  aqe  while  energy  expenditures  may  vary  with  age.  Thus, 
these  age  effects  could  be  offsetting.    In  any  case,  it  is  not  particu- 
larly important  for  our  purposes  whether  the  weight  coefficient  re- 
ported in  the  text  is  capturing  age  effects.    The  results  we  wish  to 
emphasize  are  those  for  the  socioeconomic  variables,  which  are  not 
sensitive  to  the  specification  of  the  age  variables  in  the  nutrient  in- 
take equations. 

^Further  supoort  for  this  view  is  provided  by  results  obtained 
for  the  food  stamo  variable.    The  food  stamp  dummy  entered  into  the 
nutrient  intake  equation  showed  no  significant  effect  of  food  stamps 
on  protein  or  calorie  intakes.    This  may  indicate  that  the  increase  in 
real  income  resultinq  from  food  stamps  is  devoted  to  consumption  of 
other  goods  rather  than  food)  at  the  least  it  implies  that  food  stamps 
do  not  affect  the  protein  and  calorie  consumption  of  young  children 
in  recipient  families. 


Michael  (1972)  arques  that  family  size  variables  can  b«  con- 
sidered as  a  proxv  for  the  ability  to  obtain  and  make  use  of  informa- 
tion and,  thus,  are  inversely  related  to  efficiency.    His  argument 
rests  on  the  assumption  that  with  income  and  education  constant,  larger 
families  are  less  knowledgeable  about  or  less  proficient  in  using  birth 
control  information.    He  argues  that  this  may  reflect  a  general  in- 
efficiency in  acquiring  and  using  many  forms  of  information. 

13Because  the  growth  equations  formed  part  of  a  simultaneous  sys- 
tem traditional  F  tests  could  not  be  employed  to  test  the  individual 
and  joint  contributions  of  the  protein  and  calorie  variables.    OLS  re- 
gressions of  the  arowth  equations  showed  that  the  calorie  and  protein 
variables  did  not  make  a  significant  incremental  contribution  to  explain- 
ing the  variance  in  the  dependent  variables  when  added  jointly  to  re- 
gressions containing  the  other  independent  variables.    When  the  diet 
variables  were  added  individually  calories  made  a  significant  incre- 
mental contribution  to  explaining  weight  variance  but  protein  was  an 
insignificant  addition  to  the  height  and  head  size  equations. 

14Elasticities  computed  at  the  means  given  nutrient  intake  point 
estimates.    It  should  be  pointed  out  that  the  calorie  coefficient  ap- 
proaches statistical  significance  while  the  protein  coefficients  do  not. 

15Jelliffe  (1976),  p.  1229. 
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Chapter  7 

AN  ECONOMIC  ANALYSIS  OP  THE  DIET,  GROWTH,  AND  HEALTH 
Of  YOUNG  CHILDREN  IN  THE  UNITED  STATES 

"One  out  of  every  three  children  under  six  veers  of  age  are 
living  in  hones  in  which  incomes  are  insufficient -t$  meet  the 
costs  of  procuring  many  of  the  essentials  of  life,  particularly 
food."    Congressional  testimony  of  Charles  Upton  Lowe,  Director 
of  the  National  Institute  of  Child  Health  and  Development,  1969 
(Chase,  1977). 

I.  Introduction 

Interest  in  the  nutritional  status  of  young  American  children  has 
heightened  considerably  in  the  pa9t  decade.    Much  of  the  concern  has  re- 
sulted from  research  suggesting  varying  degrees  of  under-nutrition  in  low 
income  American  school1  and  pre-school  children  and  from  evidence  indicating 
a  positive  association  between  children's  growth  and  their  intellectual  de- 
velopment.2   In  this  studv  we  analyze  the  choice  of  diet  for  children  one  to 
five  years  in  the  United  States  and  its  relation  to  the  children's  growth 
and  health.    We  are  particularly  interested  in  the  extent  to  which  family  in- 
come and  education  may  be  obstacles  to  the  provision  of  adequate  diets  for 
children  in  American  families.     The  hypothesis  that  these  obstacles  are  sub- 
stantial underlies  many  government  nutrition  and  income  support  orograms  and 
has  led  to  the  Congressional  mandate  of  two  separate  comprehensive  national 
nutrition  survevs,  The  Ten  State  Nutrition  Survey,  1968-1970,  and  the  Health 
and  Nutrition  Fxamination  Survey,  1971-1975. 

In  the  Drevious  chanter  we  used  the  Ten  State  Nutrition  Survev  (TSNS) 
data  to  examine  the  nutritional  status  of  children  up  to  the  ace  of  36 
months  in  ooor  American  families.    The  picture  that  emerqed 

from  the  analysis  of  TSNS  data  was  generally  contrary  to  the  impressions  left 
bv  -iuch  previous  research.    The  data  indicated  that  low  income  parents  had 
pushed  the  grovth  of  their  children  through  choice  of  diet  nearly  a«  much  as 


possible.    Protein,  a  relatively  high  priced  nutrient,  was  consumed  in  quan- 
tities two  to  three  tines  recommended  dietary  standards  and  to  an  extent  where 
its  marginal  impact  on  the  growth  of  children  was  very  small.    Family  incoae 
and  mother's  education  were  shown  not  to  be  significant  (in  the  statistical 
sense)  barriers  to  the  provision  of  adequate  protein  and  calorie  intakes  for 
children  in  poor  American  families.    In  the  TSNS  data  average  protein  and 
calorie  consumption  was  in  excess  of  dietary  standards  whether  the  data  was 
stratified  by  children's  age,  family  income,  or  ethnic  group.    Protein  intakes 
in  these  cross-tabulations  were  consistently  two  to  three  hundred  percent  of 
dietary  standards. 

In  this  chapter  va  analyze  the  Health  and  Nutrition  Examination  Survey  (HAKES ) 
data  to  provide  further  evidence  on  the  choice  of  diet  for  young  American  children 
and  its  effect  on  their  growth  and  health.   This  chapter  is  divided  into  five  sec- 
tions.   In  the  following  section  we  describe  the  conceptual  framework  and  specify 
a  general  model  of  children's  diet,  health,  and  growth.    This  is  followed  by  a 
discussion  of  the  data  that  includes  important  descriptive  statistics.  In 
Section  IV,  we  present  the  estimated  econometric  model.    The  final  section 
summarizes  the  research. 

II .     Conceptual  Framework 

As  a  point  of  departure  we  postulate  that  the  utility  of  parents  is  a 

positive  function  of  their  children's  growth.    That  is,  within  the  bounds  of 

perceived  norms,  parents  desire  heavier  and  taller  children.3    For  our  analysis 

it  is  not  necessarv  that  this  desire  be  based  on  known  correlations  between 

current  period  height  and  weight  of  children  and  their  current  and  future  period 

health  status  and  intellectual  development.    Bather,  we  only  argue  that  this 

desire  does  exist  and  that  parents  make  sacrifices  or  forego  other  pleasures 

4 

in  order  to  augment  the  growth  of  their  children. 
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Although  constrained  by  genetic  and  physiological  factors,  parents  In- 
fluence the  growth  of  their  children  by  their  choice  of  diet  for  the  children 

•  -  IK.  *2* 

and  by  their  investment  In  their  children**  health  (medical  care,  parental 
care,  sanitary  conditions,  etc.)*    The  interdependences  among  children's 
growth,  children's  health  and  their  diet  are  formalized  in  the  following  model. 
We  begin  by  relating  the  parent's  choice  of  the  initial  diet,  Dq,  for  a 

new  born  to  birth  weight,  3W,  which  is  a  proxy  for  the  infant's  demand  for 

food,  and  initial  period  socioeconomic  influences,  E  ,  that  impact  on  the 

o 

quantity  and  quality  of  diet. 

D    -  f°(BW,  E  ).  (1) 
o  o 

In  each  subsequent  period  the  child's  growth,  Gt>  is  determined  by  genetic 
and  parental  traits,  Z,  and  by  diet,  Dt_^»  «nd  health  status,  Ht_^»  *n  tn* 
preceding  period.    Health  status  can  be  interpreted  as  an  efficiency  parameter 
that  affects  the  rate  at  which  nutrients  are  converted  into  children's  growth. 
Formally, 

Gt  -  f  (Z,  Dtl,  Htl).  (2) 

The  diet  in  each  period  is  a  function  of  the  child's  growth,  which  serves  as  a 
proxy  for  appetite  or  the  child's  demand  for  food,  and  the  economic  status  of 
the  household. 

V. 

Dt  -  g(Gt,'  Et).  (3) 

The  child's  health  status  is  a  function  of  his  diet,  growth  and  other  inputs  which 
produce  good  health,  X£, 

Ht  '  h(V  Gt'  V*  (4) 


1 
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The  levels  of  X£  are  determined  by  socioeconomic  status: 

Xt  "  e<Et>-  (5) 
In  order  to  statistically  identify  certain  key  relationships  and  to  make 
the  model  consistent  with  available  cross-section  data,  several  assumptions 
are  necessary,  some  of  which  are  explicit  In  equations  1-5.    First,  birth 
weight  is  considered  exogenous  to  our  model  of  children's  growth,  diet  and 
health.    A  more  sophisticated  model  could  include  birth  weight  as  an  endogenous 
variable  and  relate  it  to  parental  characteristics,  diet  of  the  mother  and  socio- 
economic variables.    We  also  assume  that  some  variables  are  serially  correlated 
(e.g.,  diet,  household  incone)  or  constant  (e.g.,  mother's  education,  parental 
traits)  over  t  and  that  the  time  increments  are  Infinitesimal. 

To  isolate  the  role  of  diet  as  a  bridge  from  socioeconomic  status  to 
children's  growth,  we  can,  given  the  assumptions  detailed  above,  derive  the 
following  simultaneous  equations  from  (2),  (3),  and  (4): 

G  -  g(D,  H,  t,  Z,  BW)  (6) 
D  "  f(G,  E)  (7) 
H  -  h(D,  C,  E)  (8) 
which  specifies  D,  G,  and  H  as  endogenous  variables.    Equation  (6)  is  basically 
a  technical  relationship,  describing  how  children's  growth  responds  to  diet  and 
health  levels,  given  age,  birth  weight  and  narental  and  genetic  characteristics. 
Equations  (7)  and  (8)  are  primarily  behavioral  relationships,  explaining  the 
choice  of  diet  in  the  household  for  the  children,  given  socioeconomic  constraints, 
and  the  subsequent  influence  of  diet  and  growth  on  health  levels. 


III.    The  Data 

KANES  is  a  national  sample  of  the  population  of  the  United  States,  with 
overs amplin*  of  lov  income  families.    The  entire  HANES  sample,  which  was 
collected  between  1971  and  1975  by  the  National  Center  for  Health  Statistics, 
contains  approximately  28,000  individuals  between  the  ages  of  1  and  74. 
Slightly  less  than  3,000  children  aged  1  to  5  years  were  included  in  the  sample. 
Dietary  intake  data  for  the  previous  24  hours  were  collected  for  children  less 
than  five  years  of  age  by  interview  of  the  homemaker.    A  working  sample  of  2515 
was  created  by  deleting  all  observations  (children)  with  missing  data.  The 
roughly  450  children  deleted  from  the  sample  did  not  differ  significantly  f-cvu 
the  working  samole  in  terms  of  age  and  sex  specific  nutrient  intakes  or  height, 
head,  and  weight  growth.    HANES  is  described  in  detail  by  the  National  Center 
for  Health  Statistics  (1973,  1977). 

Descriptive  statistics  for  variables  collected  in  HANES  relevant  to  our 
analysis  are  presented  in  Table  1.    Endogenous  variables  in  our  econometric 
specifications  are  selected  from  the  measures  of  children's  diet,  health, 
and  growth.    Measures  of  children's  growth  are  height,  weight,  and  head  cir- 
cumference.   Measures  of  children's  health  are  lifetime  number  of  overnight 
hospitalizations  and  number  of  colds  in  the  six  months  prior  to  the  medical 
history.    Children's  diet  is  measured  by  calorie,  protein,  calcium,  iron, 
vitamin  A  and  vitanin  C  intakes. 

Exogenous  variables  in  the  growth  ecuations  are  measures  of  aenetic  and 
parental  traits,  namely  children's  age,  sex,  birth  weight,  birth  order,  race, 
mother's  height  and  weight,  and  father's  height.    Exogenous  variables  in  the 
nutrient  intake  and  health  equations  are  family  income,  family  size,  and  duriny 
variables  representing  education  of  the  household  head  and  whether  the  head  is 
female. 


Table  1 
Sumary  Statistics 


Standard 

Variable  Mean  Deviation 


Daily  calories  1516  584 

Dally  protein  (gm)  55.84  23.06 

Daily  Vitamin  C  (rag)  78.45  86.73 

Daily  iron  (mg)  8.01  4.51 

Daily  calcium  (t»r)  872  469 

Daily  Vitamin  A  (IU)  3576  3743 


Weight  0<e) 

15.48 

3.82 

Height  (era) 

97.86 

11.95 

Head  circumference  (an) 

49.23 

2.21 

H  rtcnl  t  *  1  ^  2  J*  £  i  on  n 

.30 

.45 

Colds  (last  six  months) 

1.42 

1.32 

Age  (months) 

42.63 

17.62 

Sex  (1  -  male) 

.51 

.50 

Birth  weight  (oz.) 

115.94 

19.80 

Birth  order 

1.45 

2.19 

Race   (1  -  non-white) 

.23 

.42 

Mother's  height  (in.) 

64.05 

2.69 

Father's  height  (In.) 

69.87 

3.18 

Mother's  weight  (lbs.) 

139.14 

29.21 

Household  income 

9280 

5563 

Household  size 

5.05 

2.03 

Years  of  schooling  of  household  head 

Schooling  1  (1  -  less  than  12) 

.37 

.46 

Schooling  2  (1  -  12) 

.38 

.48 

Schooling  3  (1  -  13  to  16) 

.19 

.39 

Schooling  4  (1  ■  more  than  16) 

.06 

.24 

Sex  of  household  head  (1  ■  female) 

.16 

.36 

The  mean  family  income  of  $9,280  is  considerably  below  the  1972  na- 
tional average  of  $12,500  and  Is  indicative  of  the  oversampling  of  low  in- 
come families.    The  mean  calorie  and  protein  intakes  of  1516  and  56  grams 
are  considerably  above  the  protein  and  calorie  standards  of  roughly  1330 
and  26  grams  for  children  of  the  age  and  weight  corresponding  to  the  sample 
means.      This  finding  of  higher  average  protein  and  calorie  intakes  than 
dietary  standards  is  not  surprising  given  the  similar  results  from  the 
TSNS,  a  sample  characterized  by  significantly  lower  family  incomes.  Chil- 
dren* s  Intakes  of  calcium,  vitamin  A  and  vitamin  C  average  two  to  three 
times  recommended  dietary  standards  in  the  HAKES  working  sample.    In  the 
case  of  iron,  the  average  intake  is  two-thirds  of  dietary  standards. 

In  column  1  of  Table  2,  levels  of  growth,  health,  and  nutrient  intakes 

are  presented  for  children  in  households  falling  into  the  upper  and  lower 

6 

thirty  percentiles  of  the  poverty  index  (PIR)  distribution.      There  are  no 
significant  differences  in  height,  weight,  or  head  growth  between  these 
groups,  nor  in  protein,  calorie,  vitamin  A,  or  iron  intakes.     In  the  cases 
of  vitamin  C  and  calcium  intakes  a  statistically  significant  difference 
emerges  in  favor  of  the  higher  PIR  group.    For  both  groups  mean  nutrient 
intake  levels  consistently  exceed  dietary  standards,  with  the  exception  of 
iron.    There  are  also  no  significant  differences  in  hospitalizations  al- 
though the  lower  PIR  group  had  a  significantly  greater  number  of  colds  in 
the  six  months  prior  to  the  medical  history.    The  average  family  income  and 
household  size  for  the  higher  PIR  group  are  $14,766  and  4.2.    The  same  fig- 
ures for  the  lower  PIR  group  are  $3,673  and  5.7. 

In  the  remaining  portion  of  Table  2  similar  high  and  low  PIR  compari- 
sons are  made  for  blacks  and  for  whites  in  the  working  sample.    The  pat- 
terns of  statistical  significance  within  these  stratifications  are  similar 
to  that  for  the  sample  as  a  whole. 
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Further  Information  on  the  nutritional  status  of  young  American  children  ^ 
can  be  obtained  by  examining  the  diets  of  children  light  for  their  age  and 
sex.    In  our  HANES  working  sample  the  calorie  and  proteijr Intakes  of  children 
below  the  10th  percentile  in  weight  for  their  age  and  sex  are  1A40  and  53  grans, 

not  siQnificantly  different  from  the  working  sample  means  and  indicative  of 
more  than  adequate  intakes  of  these  nutrients  according  to  dietary  standards. 
Trie  nean  family  incone  for  this  group  of  light  children  is  $8470.  Unless 
present  and  oast  nutrient  intakes  are  not  correlated,  these  numbers  imoly  that 
influences  other  than  diet  may  be  responsible  for  producing  the  condition  usually 
associated  with  undernutrition.    The  consideration  of  the  emprical  results  in  the 
next  section  will  enable  us  to  come  to  firmer  conclusions  about  the  role  of 
socioeconomic  variables  in  the  choice  of  diet  by  oarents  for  their  children  and 
about  the  subsequent  effect  of  nutrient  intakes  on  children's  growth. 

IV.    Empirical  Results 
At  the  empirical  level  we  have  estimated  several  variations  of  our  model 
of  children's  diet,  health,  and  growth.    With  the  exception  of  calories  and 
protein,  the  nutrient  intake  variables  did  not  approach  statistical  significance 
on  the  growth  equations,  either  because  of  their  high  correlations  with  orotein 
and  calorie  intakes  or  because  they  have  very  small  impacts  on  growth  at  the 
margin.    The  health  variables  also  nerformed  ooorly  in  the  growth  equations 
in  the  statistical  sense,  apoarently  because  these  conditions  have  minor  or 
very  short  term  growth  effects  that  are  rapidly  overcome. 

In  the  presentation  of  the  empirical  results,  therefore,  we  emphasize  a 
model  with  the  following  endogenous  variables:  height,  weight,  head  circumference, 
protein  intake,  and  calorie  intake.      We  also  report  results  for  the  colds  variably 
and  for  vitamin  C  intake.  m 


A.    ^educed  roms 

The  reduced  form  relationships  derived  from  equations  (6)-(8)  relate 
children's  growth,  health,  and  nutrient  intakes  to  genetic  and  parental  traits 
measured  by  age,  sex,  race,  parent's  heights,  mother's  weight,  birthwelght  and 
birth  order;  and  socioeconomic  influences  treasured  by  household  income,  household 
size,  and  dummy  variables  indicating  the  education  of  the  household  head,  and 
whether  the  head  is  female.    The  reduced  form  results  are  presented  in  Table  3. 
V?e  are  particularly  interested  in  the  children's  growth  reduced  forms  because 
of  the  information  they  provide  on  the  significance  of  the  genetic  and  parental 
trait  variables  versus  the  socioeconomic  and  behavioral  indicators  in  the  deter- 
mination of  children's  growth.    The  results  show  that  the  latter  set  of  variables 
are  of  limited  significance  in  explaining  children's  growth.    The  family  Income 
and  mother's  education  coefficients  generally  have  low  t -values  snd  the  addition 
of  these  variables  and  household  size  to  children's  growth  regressions  that  already 
include  the  genetic  and  parental  trait  variables  only  slightly  reduces  the  un- 
explained variance  in  the  dependent  variables.^ 

2 

Another  interesting  aspect  of  the  reduced  form  results  Is  the  low  R  's  of 
the  nutrient  intake  equations,  none  of  which  exceed  .14.    The  fact  that  the 
exogenous  variables  in  our  model  explain  such  a  small  proportion  of  the  variation 
In  nutrient  Intakes  brines  to  question  the  importance  of  these  variables  in 
the  diet  decision  for  young  children. 

B.     Children's  Growth 

The  simultaneous  equation  estimates  of  the  children's  growth  equations  are 
q 

presented  in  Table  4.      The  protein  variable  has  been  excluded  from  the  weight 
equation  because  it  was  statistically  Insignificant  If  calories  were  also  In- 
cluded as  an  explanatory  variable.    Calories,  however,  approached  statistical 
significance  in  these  equations  even  when  protein  also  appeared.    The  number 
of  calories  then  seems  to  better  explain  weight  growth  than  the  protein  content 
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Table  3 
Reduced  Form  Estimates* 


Denendent  Variables 


Head 

independent  Circum- 

Variables  Weight      ference     Height     Calories     Protein     Vitamin  C  Colds 


3ons  tant 

&  71 

(3.59) 

0. 14 

(11. 16) 

•  5c  S^UdlcU 

0.000 

(2. 38) 

s  atw 

0. 42 

(5  21) 

1  L  111     w  c  X  JCfi  I  L. 

0.02 

(12  53) 

-1  l  III     VI  UCi 

-0.05 

<J?) 

^  K  a  r  '  at    U  a  4  n  #* 

.OtnCi    3  we  1  Rn  t 

n  m 

\j  •  u  x 

(5.95) 

'other**  heleht 

0.07 

f A  ^4^ 

acner  s  neignc 

(  l  17^ 
l  .  J 1 ) 

*ace 

0.40 

(3.45) 

Income 

0.000 

(2.15) 

Household  size 

-0.04 

(-1.33) 

Schooling  2 

-0.01 

(-0.11) 

Schooling  3 

-0.01 

(-0.08) 

Schooling  4 

-0.63 

(-3.26) 

Sex  of  head 

-0.18 

(-0.14) 

I2 

.71 

7 

278.9 

•J 

2515 

36.21 

20.73 

-278.48 

(34.61) 

(8.45) 

(-0.79) 

0.13 

0.84 

18.55 

(14.27) 

(34.20) 

(5.24) 

-0.000 

-2.49 

-0.09 

(-7.90) 

(-8.84) 

(-2.45) 

1.12 

0.81 

149.05 

(17.14) 

(5.32) 

(6.40) 

0.01 

0.45 

0.04 

(9.18) 

(10.12) 

(0.07) 

-0.009 

-0.08 

-1.37 

(-0.42) 

(-1.55) 

(-0.18) 

0.001 

0.70 

0.64 

(1.13) 

(2.41) 

(1.55) 

0.05 

0.37 

8.38 

(4. 32) 

(12.15) 

(1.91) 

0.03 

0.24 

6.72 

(3. 20) 

(9.98) 

(1.89) 

0.35 

1.41 

48.31 

(3.82) 

(6.42) 

(1.54) 

0.000 

0.000 

0.000 

(1.77) 

(2.77) 

(0.13) 

0.002 

-0.10 

18.77 

(0.11) 

(-1.93) 

(2.32) 

0.005 

0.15 

113.30 

(0.06) 

(0.81) 

(4.25) 

0.16 

0.34 

81.40 

(1.65) 

(1.45) 

(2.39) 

0.05 

-1.40 

56.97 

(0.36) 

(-3.84) 

(1.09) 

0.09 

-0.30 

125.51 

(0.95) 

(-1.28) 

(3.69) 

.46 

.89 

.14 

96.0 

973.0 

18.8 

>515 

2515 

2515 

6.06 

17.76 

2.81 

(0.42) 

(0.32) 

(3.36) 

0.16 

1.39 

-0.0J 

(1.13) 

(2.47) 

(-1.88) 

0.001 

-0.01 

0.000 

(0.75) 

(-1.88) 

(0.94) 

4.17 

9.09 

-0.02 

(4.66) 

(2.61) 

(-0.43) 

0.01 

-0.03 

0.001 

(0.65) 

(-0.34) 

(0.90) 

-0.16 

-0.99 

0.001 

(-0.56) 

(-0.85) 

(0.06) 

0.28 

0.05 

-0.001 

(1.67) 

(0.79) 

(-1.09) 

f\  Art 

0.09 

-0.  37 

A  AA1 

(0.51) 

(-0.53) 

(-0.16) 

0.30 

0.39 

-0.002 

(2.12) 

(0.70) 

(0.32) 

-2.61 

0.42 

0.29 

(-2.04) 

(0.85) 

(3.92) 

0.000 

0.000 

-0.000 

(0.60) 

(2.37) 

(-1.51) 

0.80 

-0.53 

-0.02 

(2.43) 

(-4.21) 

(-1.41) 

3.79 

5.19 

-0.12 

(3.49) 

(1.23) 

(-1.94) 

3.73 

13.92 

-0.05 

(2.69) 

(2.58) 

(-0.69) 

3.78 

9.22 

0.08 

(1.78) 

(1.11) 

(0.66) 

5.55 

-1.44 

-0.05 

(4.00) 

(-2.67) 

(-0.68) 

.08 

.02 

.03 

10.5 

3.1 

5.2 

2515 

2515 

2515 

't  statistics  in  parentheses. 
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Table  4a 

Structural  Equation  Estimates  for  Children's  Growth  and  Health, 

Three  Stage  Least  Squares 


Dcnendent 

Variables 

Independent 
Variables 

Height 

Weight 

Head 
Clrcumfe rence 

Colds 

* 

Protein 

.087 
(4.39) 

.22 
(11.76) 

.01 
(1.49) 

Calories 

.002 
(5.02) 

Vitamin  C 

.011 
(.10) 

Age 

.84 
(31.52) 

.09 
(5.71) 

.24 
(8.57) 

-.17 
(-8.6) 

Age  squared 

-.002 
(-9.45) 

.001 
(5.10) 

-.002 
(-7.10) 

.001 
(6.91) 

Sex 

.48 
(2.63) 

.13 
(1.28) 

.36 
(1.84) 

-.82 
(-6.11) 

Birth  weight 

.003 
(8.53) 

.02 
(11.06) 

.002 
(.72) 

Birth  order 

-.19 
(-3.82) 

-.07 
(-4.21) 

.10 
(3.36) 

Mother's  height 

.51 
(20.8) 

-.11 
(-.92) 

.42 
(23.96) 

Father's  height 

.40 
(18.11) 

-.06 
(6.13) 

Mother's  weight 

.002 
(1.03) 

-.008 
(5.61) 

-.01 
(-7.3) 

P.ace 

1.24 
(5.19) 

3.1 
(2.53) 

-.71 
(-3.24) 

Income 

-.001 
(-6.44) 

Household  size 

.06 
(1.86) 

School  In  j!  2 

.72 
(-4.90) 

Schooling  3 

-1.40 
(-6.83) 

Schooling  4 

-.79 
(-2.84) 

*N  -  2515 
b 

*  Indicates  endogenous  variable. 
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TABLE  4b 

Elasticities  of  Selected  Variables* 


Independent 
Variables 

Dependent  Variables 

Height 

Weight 

ncflu 

Circumference 

Protein 

.05 

.  25 

Calories 

.20 

Age 

.38 

.42 

.21 

Oil  u)   wciy iiw 

.004 

.16 

.005 

Mother's  weight 

.004 

.07 

.01 

Mother* s  height 

.33 

.46 

.54 

Father's  height 

.27 

.27 

Race 

.003 

.001 

-.005 

Sex 

.003 

.004 

.003 

"computed  at  mean  values  of  dependent  and  independent  variables. 


*  indicates  endogenous  variable. 


of  the  diet.    Protein  and  calories  are  highly  colinear  (  r  -  .82)  ao  a  good  portion 

of  the  protein  influence  is  captured  by  the  calorie  variable.    An  argument  with  a 

similar  framework  explains  why  protein  appears  in  the  height  and  head  growth  equa- 

9 

ticns  while  calories  does  not. 

In  elasticity  terms  the  most  important  variables  in  the  growth  equations  are 
children's  age  and  height  of  the  mother  and  height  of  the  father.    These  results 
were  expected  and  demonstrate  again  the  importance  of  variables  beyond  the  influence 
of  the  household  decision  maker  in  the  children's  growth  process.    A  result  that  is 
surprising  is  the  rather  substantial  elasticities  of  children's  growth  with  respect 
to  nutrient  intakes.    The  elasticities  (at  the  means)  of  height  and  head  circum- 
ference with  respect  to  protein  are  .05  and  .25,  respectively,  and  the  elasticity 
of  weight  with  respect  to  calories  is  .20.    These  results  imply  that  an  increase 
in  daily  protein  consumption  of  ten  percent  or  about  five  and  one-half  grams  would 
increase  height  by  an  average  of  one-fifth  of  one  inch  and  head  circumference  by 
an  average  of  one-half  of  one  inch.    A  ten  percent  increase  in  calorie  intakes 
would  increase  children's  weight  by  an  average  of  seven-tenths  of  one  pound.  The 
protein  elasticities  in  the  height  and  head  circumference  equations  seem  particu- 
larly large  in  light  of  the  fact  that  protein  intakes  average  more  than  twice 
dietary  standards.    The  protein  effects  on  growth  seem  to  be  linear  throughout  the 
range  of  intakes  characterizing  the  KANES  working  sample:    that  is,  we  do  not 
appear  to  be  approximating  a  non-linear  protein  effect  with  a  very  small  impact 
on  growth  at  the  margin. 

These  substantial  elasticities  of  growth  with  respect  to  nutrients  that 
are  consumed  in  excess  of  dietary  standards  is  consistent  with  the  findings  of 
the  evaluation  of  the  Special  Supplemental  Food  Program  for  Women,  Infants  and 
Children  (WIC) .    This  analysis  showed  that  although  children  in  poor  American 
households  generally  consumed  nutrients  well  in  excess  of  dietary  standards, 
their  growth  could  be  accelerated  by  increasing  nutrient  intakes.    In  light  of 


these  findings  the  VIC  cvaluators  recommended  a  reassessment  of  dietary 
standards  and  singled  out  protein  In  particular  (Edozlen,  et.al.,  1976). 

C.    Nutrient  Tntake  Equations 

The  simultaneous  equation  estlnates  of  the  protein,  calorie,  and  vitamin  C 
equations  are  presented  In  Table  S.    The  results  are  similar  for  each  of  the 
nutrients.    Simply  stated  they  indicate,  within  the  context  of  our. model,  that 
children  get  the  amount  of  these  nutrients  that  they  "ask  for."    The  child's 
demand  for  nutrients,  represented  by  weight  of  the  child,  is  a  very  important 
determinant  of  intakes.     The  nutrient-weight  elasticities  are  about  one  in 
each  case  and  the  t-values  of  the  weight  coefficients  are  substantial.  The 
family  income  coefficients  approach  statistical  significance  but  imply  very 
small  elasticities  (about  .02  in  each  case). 

Education  of  the  household  head  has  a  positive  but  nonlinear  effect  on 
nutrient  intakes.     Children  in  families  where  the  head  has  12  years  of  schooling 
receive  about  five  percent  more  of  these  nutrients  relative  to  children  in  families 
where  the  head  has  less  than  12  years  of  schooling.    However,  this  education  differ 
ential  falls  when  children  in  families  where  the  head  has  college  or  graduate  edu- 
cation are  co-npared  to  children  in  families  where  the  head  has  less  than  12  years 
of  schooling. 

V.  Sum-nary 

A  orimaxy  purcose  of  this  studv  was  to  investigate  the  extent  to  which 
family  Income  and  education  are  obstacles  to  the  provision  of  adequate  diets  for 
young  children  In  the  United  States.     Based  on  our  examination  of  the  HANES  data 
we  have. found  that: 

1.    Average  nutrient  intakes  of  young  children  are  well  above  recommended 
dietary  standards,  with  the  exception  of  iron. 


TABLE  5a 

Structural  Equation  Estimates  for  Children's  Nutrient  Intakes 


Dependent  Variables 

Independent  ■ 

Variables  Protein  Calories  Vitamin  C 


Weight 

4.03 

78.80 

.89 

(12.78) 

(10.36) 

(.93) 

Age 

-.18 

11.43 

2.24 

(-1.06) 

*     <s>  •  v  w  / 

(2.80) 

(4.27) 

Age  squared 

-.003 

-.02 

-.002 

(-1.9) 

(-5.07) 

(-4.89) 

Sex 

2.25 

111.1 

9.30 

(2.38) 

(4.89) 

(2.65) 

Income 

.001 

.003 

.001 

(1.92) 

(1.46) 

(3.03) 

Household  sire 

.60 

14.27 

-.95 

(3.32) 

(3.13) 

(-1.12) 

Schooling  2 

2.32 

82.1 

6.01 

(2.68) 

(3.71) 

(1.47) 

Schooling  3 

2.39 

52.6 

15.35 

(2.28) 

(1.94) 

(2.93) 

Schooling  4 

.09 

-23.1 

9.71 

(.05) 

(-.56) 

(1.21) 

Sex  of  head 

-.02 

17.72 

-2.87 

(-.03) 

(.70) 

(-1.16) 

*N  -  2515. 

b*  indicates  endogenous  variable 


Elasticities 

Table  Sb 
of  Selected  Variables* 

Independent 
Variables 

Dependent  Variables 
Protein  Calories 

«  e  1  gn  t 

1.11 

.80 

Age 

.31 

.32 

Sex 

.02 

.04 

Income 

.02 

.02 

Household  Size 

.05 

.05 

Coirouted  at  mean  values  of  dependent  and  indepen- 
dent variables. 

b 

*  indicates  endogenous  variable. 


2.  Average  nutrient  intake,  for  children  in  households  of  lover  eco- 
nomic status  are  very  similar  to  intake,  of  children  in  households  of  higher 
economic  status.    Kates  of  children's  growth  are  also  similar  in  the., 
households. 

3.  Family  income  and  education  of  the  household  head  have  statistically 
significant  but  very  small  positive  effects  on  the  nutrient  intake  levels  of 
young  children  in  the  model  of  children's  diet,  growth,  and  health  estimated 
in  this  paper. 

These  findings  are  very  consistent  with  those  from  a  similar  analysis 
we  performed  with  the  Ten  State  Nutrition  Survey.    A  most  interesting  result 
of  the  present  study  is  the  rather  substantial  estimated  effects  of  protein 
intakes  on  children's  height  and  head  growth,  even  though  protein  is  con- 
sumed well  in  excess  of  dietary  standards.    This  finding  and  the  apparent 
correlation  between  children's  growth  and  their  intellectual  development 
brings  to  question  the  adequacy  of  present  protein  standards.  Could 
American  mothers,  who  provide  very  high  protein  diets  for  their  children 
in  households  at  all  levels  of  socioeconomic  status  know  more  about  what 
constitutes  an  adequate  diet  for  their  children  than  the  experts  do? 


Footnote* 


For  examples  of  research  Into  the  problem  of  undernutrition  In  American 
school  and  pre-school  chlldrsn  in  the  U.S.,  see  Christakia  (1968),  Oven  (1969), 
Sims  and  Morris  (1974),  and  Owen  (1974). 
2 

Owen  (1977),  in  his  review  of  the  effects  of  nutrition  on  growth  and 
cognitive  development,  concludes  that  the  "evidence,  which  still  should  be  con- 
sidered preliminary  in  nature,  ...  [indicates]  that  bigger  is  sr.arter,  at  least 
among  pre-school  children." 
3 

More  formally,  it  could  be  argued  that  rates  of  children's  growth  enter 
the  utility  function  in  a  non-linear  fashion  and  that  excessive  rates  of  gro  .: 
(e.g.  obesity)  are  negatively  related  to  parent's  utility. 
4 

It  is  often  pointed  out  that  in  agricultural  societies  parents  are  very 
concerned  about  the  size  of  their  children  because  physical  strength  is  an 
important  correlate  of  individual  output.    Although  a  desire  for  larger  children 
in  modern  societies  may  not  be  based  on  a  similar  observation,  there  is  evidence 
that  the  height  or  weight  of  children  at  younger  ages  correlate  with  their  in- 
tellectual development  and  health  in  later  years,  and  thus  with  their  future 
earnings . 

The  dieta  ry  standards  cited  in  the  text  are  those  of  the  HANES  dietarv 
standards  committee  for  children  24-47  months  weighing  the  sample  mean  of  15.5 
kilograms. 

^As  computed  in  HANES,  the  poverty  index  ratio  takes  account  of  household 
income,  household  size,  and  household  diet  requirements  as  reflected  by  the  age 
distribution  of  the  household  members. 


Adjusted  R    9  Increased  by  less  than  .01  when  the  socioeconomic  variables 
were  added  to  either  height,  weight,  or  head  aire  regressions  that  already  con- 
tained age,  the  square  of  age,  sex,  parent's  height,  birthwelght  and  blrthorder. 
It  should  also  be  pointed  out  that  the  limited  significance  of  the  socioeconomic 
variables  does  not  appear  to  be  due  to  colinearity  with  the  genetic  and  parental 
trait  variables.    The  t-values  of  the  socioeconomic  variables  do  not  increase 
markedly  even  when  the  genetic  and  parental  trait  variables  are  excluded  from 
the  children's  growth  equations. 

^The  results  for  the  colds  variable  are  also  presented  in  Table  A  but  are 
not  discussed  in  the  text.    Household  income  and  education  of  the  household 
head  are  inversely  related  to  the  number  of  children'a  colds  while  protein  and 
vitamin  C  intakes  do  not  have  statistically  significant  impacts. 

9Because  the  growth  equations  formed  part  of  a  simultaneous  system  tradi- 
tional F  tests  could  not  be  employed  to  test  the  individual  and  joint  contribu- 
tions of  the  protein  and  calorie  variables.    Results  from  OLS  regressions  indi- 
cate that  protein  makes  a  significant  incremental  contribution  to  explaining 
the  variance  in  height  and  head  growth  when  added  to  regressions  containing 
the  other  independent  variables,  while  calories  does  not.    When  both  diet 
variables  are  added  Jointly  to  height  and  head  growth  regressions  the  incre- 
mental contribution  is  insignificant.    For  the  weight  equation,  the  incremental 
contribution  to  explained  variance  Is  significant  when  the  protein  and  calorie 
variables  are  entered  Individually  or  Jointly  to  regressions  containing  the 
other  independent  variables. 


Predicted  protein  and  the  square  of  predicted  protein  were  entered 
a*  Independent  variables  In  the  height  and  head  circumference  equations  in 
the  final  stage  of  a  two-stage  least  squares  process*.  No  evidence  of  a  non- 
linear protein  effect  was  uncovered. 


REFERENCES 


Chase,  A.    "Poverty  and  Low  XOt  The  Vicious  Circle,"  Wcv  York  Times 
Book  Review,  July  17,  1977,  p.  9. 

Christakis,  George,  et  el.  "Nutritional  Epidemiologic  Investigation 
of  642  New  York  City  Children."  American  Journal  of  Clinical 
Nutrition,  21  (January  1968). 

Edozien,  J.C.,  Switzer,  B.R. ,  and  Bryan,  R.B.    "Medical  Evaluation  of 
the  Special  Supplemental  Food  Program  for  Women,  Infanta  and 
Children  (WIC),"  University  of  North  Cerolina,  July  1976. 

Health  Services  and  Mental  Health  Administration  DHEW.    Ten  State 
Nutrition  Survey,  1968-1970.    DHEW  (HSM)  72-8130-8134,  1972. 

Jelliffe,  D.B.    "World  Trends  in  Infant  Feeding,"  The  American  Journal 
of  Clinical  Nutrition,  29,  November  1976. 

Michael,  Robert  T.    The  Effect  of  Education  on  Efficiency  in  Consumption, 
Columbia  University  Press,  1972,  p.  30. 

National  Center  for  Health  Statistics.    NCHS  Growth  Charts,  1976,  Monthly 
Vital  Statistics  Report,  25,  Supp.   (HRA)  76-1120,  June  1976 

National  Center  for  Health  Statistics.    Plan  and  Operation  of  the  Health 
and  Nutrition  Examination  Survey.    U.S.  Department  of  Health, 
Education,  and  Welfare,  Public  Health  Service  Publication  No. 
(HPA)  76-1310,  Series  1  -  No.  10a,  1973. 


274 


REFERENCES  (concluded) 

National  Center  for  Health  Statistics.    Plan  and  Operation  of  the  Health 
and  Nutrition  Examination  Survey.    U.S.  Department  of  Health, 
Education,  and  Welfare,  Public  Health  Service  Publication  No. 
(HRA)  77-1310,  Series  1  -  No.  10b,  1977. 

Owen,  Georcre  M.    "A  Study  of  Nutritional  Status  of  Preschool  Children  in 
the  United  States,  1968-1970."    Pediatrics,  53,  Supplement 
(April  1974). 

Owen,  George  M. ,  et  al.    "Nutritional  Status  of  Mississippi  Preschool 
Children."    American  Jouranl  of  Clinical  Nutrition,  22. 


Sims,  Laura  S.,  and  Morris,  Portia  M.    "Nutritional  Status  of  Preschool- 
ers."   Journal  of  American  Dietetic  Association,  64  (Kay  1974). 


Chapter  8 
SUMMARY  OF  FINDINGS 


Our  most  important  findings  pertain  to  the  nature-nurture  contro- 
versy; the  impact*  of  preventive  care  and  health  manpower*  in com  and 
race  differences  in  children's  health,  the  multidimensional  nature  of 
children's  health  and  relationships  among  growth,  diet,  and  family 
background.    These  findings  are  highlighted  below. 

1.    Nature-Nurture  Controversy 

The  home  environment  in  general  and  mother's  schooling  in  par- 
ticular play  an  extremely  important  role  in  the  determination  of 
children's  health.    It  is  not  surprising  to  find  that  a  child's  home 
environment  has  a  positive  impact  on  his  health  with  no  other  varia- 
bles held  constant.    Moreover,  it  is  difficult  to  sort  out  the  effect 
of  nature  from  that  of  nurture  because  it  is  difficult  to  measure  a 
child's  genetic  endowment  and  because  genetic  differences  may  induce 
environmental  changes.    Nevertheless,  we  have  accumulated  a  number  of 
suggestive  pieces  of  evidence  on  the  true  importance  of  the  home  en- 
vironment.   With  birth  weight,  mother's  age  at  birth,  congenital 
abnormalities,  other  proxies  for  genetic  endowment,  and  family  income 
held  constant,  parents'  schooling  has  positive  and  statistically  sig- 
nificant effects  on  many  measures  of  health  in  childhood  and  adoles- 
cence.   Children  and  teenagers  of  more  educated  mothers  have  better 
oral  health,  are  less  likely  to  be  obese,  and  less  likely  to  have 
anemia  than  children  of  less  educated  mothers.    Father's  schooling 
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plays  a  much  less  important  role  in  the  determination  of  oral  health, 
obesity  and  anemia  than  mother's  schooling.    The  latter  findings  are 
important  because  equal  effects  would  be  expected  If  til*  schooling 
variables  were  simply  proxies  for  unmeasured  genetic  endowments. 
Moreover,  they  are  especially  strong  results  because  oral  health, 
anemia,  and  obesity  reflect  health  measures  that  can  be  modified  by 
inputs  of  medical  care,  dental  care,  proper  diet,  and  parents'  time. 

Several  additional  pieces  of  evidence  underline  the  robustness 
of  the  above  finding.    The  relative  magnitude  of  the  effect  of  moth- 
er's schooling  on  oral  health,  measured  by  the  number  of  decayed 
permanent  teeth  in  adolescence,  is  not  altered  when  the  periodontal 
index,  a  proxy  for  genetic  oral  health  endowment,  is  held  constant. 
When  oral  health  is  examined  in  a  longitudinal  context,  mother's 
schooling  dominates  father's  schooling  in  the  determination  of  the 
periodontal  index  in  adolescence,  with  the  periodontal  index  in 
childhood  held  constant.    Similar  comments  apply  to  the  effect  of 
mother's  schooling  on  school  absence  due  to  illness  in  adolescence 
(with  school  absence  due  to  illness  in  childhood  held  constant)  and 
to  the  effect  of  mother's  schooling  on  obesity  in  adolescence  (with 
obesity  in  childhood  held  constant). 

The  identification  of  plausible  mechanisms  via  which  mother's 
schooling  influences  children's  health  has  increased  our  confidence 
that  the  impact  of  schooling  represents  a  behavioral  effect  as  op- 
posed to  a  genetic  effect  or  a  statistical  artifact.    Children  of 
highly  educated  mothers  come  from  small  families  and  are  likely  to 
have  seen  a  dentist  for  preventive  reasons  in  the  past  year.  In 


turn,  family  sire  i»  negatively  related  to  several  muiini  of  adoles- 
cent health,  and  preventive  care  i«  positively  related  to  oral  health. 
Another  mechanism  is  that  cognitive  development  in  childhood  has  a 
positive  effect  on  health  in  adolescence,  and  cognitive  develops ent  is 
positively  related  to  aether's  schooling. 

To  susmarize,  we  have  evidence  that  nurture  as  opposed  to  nature 
plays  an  important  role  in  the  health  of  children  and  youths  and  that 
the  effect  of  mother's  schooling  it  behavioral  as  opposed  to  genetic. 
Thus  public  policies  aimed  at  children's  health  must  try  to  offset  the 
problems  encountered  by  children  of  mothers  with  low  levels  of  school- 
ing; in  particular,  they  should  try  to  improve  the  skills  of  unedu- 
cated mothers  in  their  capacity  as  the  main  provider  of  health  care 
for  their  children. 

2.    Impacts  of  Preventive  Care  and  Health  Manpower 

With  regard  to  the  role  of  preventive  dental  care,  youths  who  re- 
ceived a  preventive  dental  check-up  within  the  past  year  and  youths  ex- 
posed to  fluoridated  water  have  much  better  oral  health  than  other 
youths.    Moreover,  the  probability  of  a  preventive  examination  is  posi- 
tively related  to  the  number  of  dentists  per  capita  in  a  youth's  county 
of  residence.    This  irmlies  that  a  program  to  increase  the  availability 
of  dentists  in  medically  deprived  areas  would  improve  the  oral  health 
of  youths  in  these  areas.    Indeed,  we  estimate  that  the  payoffs  to  in- 
creasing dental  manpower  by  one  per  thousand  population  are  about  the 
same  as  the  payoffs  to  the  coverage  of  preventive  dental  care  under 
national  health  insurance.  \ 


The  probability  of  obtaining  a  preventive  check-up  by  a  doctor  is 
alio  positively  related  to  family  income  and  to  the  number  of  pediatri- 
cians  per  capita  in  the  county  of  residence.    But  wet.  have  little  evi- 
dence that  preventive  care  delivered  to  youths  by  physicians  is  effi- 
cacious in  terms  of  their  physical  health.    Therefore,  the  payoffs  to 
national  health  insurance  for  physicians'  services  delivered  to  youths 
or  programs  to  increase  the  availability  of  doctors  who  treat  youths 
are  very  small. 

Overall,  what  these  results  suggest  is  that  selective  rather  than 
general  programs  would  be  most  effective  in  improving  the  health  of  the 
population  under  18  years  of  age.    For  instance,  instead  of  providing 
complete  coverage  for  physicians  services  delivered  to  persons  from 
birth  to  age  18  under  national  health  insurance,  the  government  should 
direct  its  attention  at  prenatal  care  and  physicians  services  during 
the  first  year  of  life.    It  is  known  that  aopropriate  prenatal  and 
infant  care  can  make  a  difference  in  terms  of  health  outcomes.  Con- 
versely, our  results  for  oral  health  sugqest  that  the  payoffs  to  the 
coverage  of  dental  care  from  the  age  it  is  first  received  until  aae 
18  or  beyond  would  be  substantial. 

3.    Income  and  Race  Differences  in  Children's  Health 

We  show  that  when  health  measures  from  mid-childhood  are  the  sub- 
ject of  analysis,  both  income  and  race  differences  are  much  less  pro- 
nounced than  they  are  in  infant  mortality  and  birth  weight  data.  We 
do  find  differences  in  the  health  status  of  black  and  white  children 
and  of  children  from  high  and  low  income  families,  but  these  differences 
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5.    Dietr  Growth,  and  Family  Background 

Average  nutrient  intakes  of  infanta  and  young  children  are  well 
above  recoranended  dietary  standards.    Moreover,  nutrient  intakes  for 
children  in  households  of  lower  economic  status  are  very  similar  to 
intakes  of  children  in  households  of  higher  economic  status.  Rates 
of  children's  growth  are  also  similar  in  these  households. 

There  are  substantial  effects  of  protein  intakes  on  children's 
height  and  head  growth,  even  though  protein  is  consumed  in  excess  of 
dietary  standards.    This  finding  and  the  apparent  correlation  between 
children's  growth  and  their  cognitive  development  brings  to  question 
the  adequacy  of  present  protein  standards.    Could  American  mothers, 
who  provide  very  high  protein  diets  for  their  children  in  households 
at  all  levels  of  socioeconomic  status  know  more  about  what  constitutes 
an  adequate  diet  for  their  children  than  the  experts  do? 

In  general  family  income  and  parents'  schooling  have  statistically 
significant  but  very  small  positive  effects  on  the  nutrient  (calories 
and  protein)  intakes  of  young  children.    Hence,  we  have  little  evidence 
that  intakes  of  calories  and  proteins  are  mechanisms  via  which  family 
background  affects  the  growth  of  young  children.    Indeed,  when  nutrition 
is  not  held  constant,  the  impacts  of  family  background  on  height,  weight, 
and  head  circumference  are  very  small. 


